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PREFACE 

The Draft Remedial Investigation Report for the CoUierviUe Site adopts certain conventions 

in reference to monitoring wells and sample identifications. An understanding of these 

conventions will assist the reader in interpreting data. 

Odd numbers are used for monitoring wells which are screened in the shallow aquifer 

onsite. All of these weUs are screened on top of or sUghtly into the aquitard. Even 

numbered wells are screened in the lower aquifer (Memphis Sands) at the top of the 

aquifer. The only exception to this numbering sequence are MW-1 and MW-IB both of 

which are Memphis Sands wells. Well numbers go through MW-61. Even numbered wells 

reach number MW-58; however, there are no even numbered wells between MW-16 and 

MW-58. In addition, there are references to weUs for which no data exists because the wells 

do not produce sufficient water for sampling. 

Sample identifications are constructed using the sampling date and weU location; e.g. Sample 

08299012 is a sample coUected on August 29, 1990 from monitoring weU 12. Alphabetical 

suffixes'are,iused; fon quaUty: assiirancei samples. FB.meam field blank. R 

sample. TB is a trip blank; MS is a matrix spike. MSD is a matrix spike dupUcate; 

Prefixes are used to specify samples that are not monitoring weU samples. The prefix ' B' 

indicates a sample from a soU boring and the sample sequence; e.g. Sample B37-5 is a soU 

sample from boring 37 and is the fifth sample taken from the borehole. The depth and 

description of this sample can then be found by reference to the boring logs. However soil 

samples coUected from borings that were converted into monitoring weUs are expressed as 
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monitor well number with sequence; e.g. MW43-5 is the fifth sample taken from the 

borehole used to instaU monitoring well 43. NC indicates a surface water sample from 

Nonconnah Creek. D indicates a ditch water sample. USS and DSS indicate stream 

sediment samples upstream and downstream of the site. CW indicates sample from the city 

well field; and CMW indicates background weUs instaUed offsite. 



Remedial Investigation Report 
Collierville Site 
Revision B 
June 24, 1991 

EXECUTIVE SUMMARY 

The CoUierviUe Site is the subject of a Remedial Investigation and Feasibility Study 

(RI/FS). The foUowing is the Draft Remedial Investigation Report. 

The Site has experienced three releases of trichloroethylene (TCE) which are suspected 

sources of TCE contamination in soils, shallow groundwater, and a municipal well field. A 

chronology of site activities is presented at the end of this executive summary. 

The primary objective of the Remedial Investigation was to identify and confirm the nature 

and extent of trichloroethylene contamination at the CoUierviUe Site. The investigation 

consisted of strategically placed borings completed to the top of the Jackson clay aquitard 

to aid in the physical description of the geology/hydrogeology as described in Section 5.3. 

The groundwater phase of the investigation included the installation and sampUng of 

shallow and deep monitoring weUs. The identification and quantification of hazardous 

substances was conducted in three phases. 

Phase I 

Phase Lof.the Remedialtinyestigation identified Sitê  

work complieted under-'the auspices of the Teimessee Department of Health and 

Environment. EarUer studies assumed that the parameters of concem for the Site were 

TCE and its degradation produces. CLP sampling protocol for the target compound list 

confirmed the presence of TCE and its degradation products during Phase I. In addition, 

analyte analyses identified anomalous values of lead and zinc in shaUow groundwater. 

Therefore, subsequent soU and groundwater sampling conducted during Phase II of the 

investigation were for volatUe organics and metals. 

m 
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Phase II and Phase III 

Phase II and Phase IH of the Remedial Investigation obtained additional geological data 

from the Site and to characterize the extent of contamination. Soil borings conducted 

during the investigation confirmed the presence of TCE in soils in close proximity to the 

three source areas and confirmed migration of contaminants in the vadose zone through soil 

pore spaces as vapor phase diffusion. Although concentrations are variable with depth, 

isocons of contaminant distribution discussed in Section 5.5.1 indicate widespread impact 

on soUs. 

Quarterly groundwater samples indicated elevated levels of trichloroethylene in both aquifer 

systems at the Collierville Site. Groundwater flow in the shallow aquifer has provided a 

transport mechanism for containinants in the aqueous phase across the property and 

contributed to contamination in the Memphis Sands. TCE movement on the Site is 

illustrated in the enclosed figure (Fate and Transport Mechanisms). 

SoU and groundwater Scunples collected throughout the RI exhibited the same 

inconsistencies with relation to metals as identified in Phase I. Analytical results from the 

three background wells instaUed at various locations within the Collierville City limits 

(Figuresj8^1, .CMAV-OOl-CMW-003) and .other „t)ackground;-information; also ^showed 

anomalous levels of metals in groundwater. These factors suggest that metals are probably-

not Site constituents (Section 4.4). 

IV 
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Site Chronology 

1967 - WeU Field #2 InstaUed northwest of Site 

1969 - Initial Site Development began by Carrier 

1972 - Surface Impoundment installed north of plant 

1979 - Spill occurs as a result of degreaser failure 

1980 - Surface Impoundment taken out of service 

1981 - Surface impoundment closed with off site shipment of soils 

1985 - Spill occurs from TCE storage tank, soil excavation and spill assessment is 

initiated 

1986 - Tennessee Department of Health and Enviromnent performed Site assessment 

1987 - Site placed on State Superfund list. Carrier initiates voluntary Site Investigation 

1988 - Voluntary Site Investigation Report is released to TDHE and EPA 

1989 - Site is proposed for National Priorities List and Carrier agrees to perform RI/FS; 

Carrier also installs groundwater removal and treatment system; and vapor 

extraction system. 

1990 ' - Site is placed on National Priorities List. Carrier instaUs a treatment system at 

the well field to remove TCE from raw water supplies. Draft RI Report 

submittedtoEPAi. . 
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1.0 INTRODUCTION 

The United States Environmental Protection Agency ordered that an investigation be 

conducted of the ColUerviUe Site in CoUierviUe, Tennessee with the objectives "(A) to 

determine fiiUy the nature and extent of any threat to the pubUc health or welfare or the 

environment caused by the release or threatened release of hazardous substances, poUutants, 

or contaminants at or from the Site (Remedial Investigation); and (B) to evaluate altematives 

for the appropriate extent of any remedial action to prevent or mitigate the migration or the 

release or threatened release of hazardous substances, poUutants, or contaminants at and from 

the Site (FeasibUity Study)." [Reference, EPA, 1989] The Site has been placed on the 

National Priorities List (40 CFR 300) and the State of Tennessee's List of Sites estabUshed 

at rule 1200-1-13-.03. (the List, commonly referred to as the Teimessee Superfund List, 

contains the Ust of those sites within Tennessee where hazardous substances are present and 

which are eUgible for investigation, identification, containment, cleanup, monitoring, and/or 

maintenance under the States Superfund Program). 

The foUowing;is a Dnift Remedial Investigation Report for the ColUerviUe Sitê ^̂ ĉ ^ 

to meet the first objective above. The investigation was conducted in accordance with a 

Remedial Investigation (RI) and FeasibiUty Study (FS) Work Plan approved by the United 

States Environmental Protection Agency, Region IV (EPA), and the State of Tennessee 

Department of Health and Environment (TDHE), Division of Superfund (DSF). 
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The RI was conducted for Carrier Corporation by Environmental & Safety Designs, Inc. 

(EnSafe). Aquifer pump tests were performed by Dames & Moore, Cincinnati, OH under 

subcontract to EnSafe. Geophysical surveying was also conducted by Dames & Moore, 

Cincinnati, Ohio, and Blackhawk Geosciences, Golden, Colorado, also under subcontract to 

EnSafe. A benthic organism study in Nonconnah Creek was performed by Jim Payne, 

Ph.D., and Chester Fiegel, both with Memphis State University under EnSafe supervision. 

The baseline risk assessment was completed by Frank Mink and Assoc, Cincinnati, Ohio. 

The RI Report includes data developed under previous work plans. The initial site 

investigation was conducted in 1987 and 1988 under the auspices of the Tennessee Division 

of Superfund. Additional field work was conducted in 1989 and 1990 under the EPA/TDHE 

approved RI Work Plan referenced above. This RI field work was conducted in three 

phases: 

Phase 1 was a "Data VaUdation Study" [EnSafe, June, 1990] conducted to evaluate 

the quaUty of data obtained under previous investigations and to set a Site 

Constituents List for further work. Results of Phase 1 are presented in Section 4.0 

of this report. 

PHasen and in of the RI consisted of additioniJsfieldwort̂ ^ 

in prior work. 

The Phase I "Data VaUdation Study" concludes that prior Site data was acceptable for use 

in the RI. Both EPA and TDHE concurred in this conclusion. Therefore the foUowing 

Draft RI Report consoUdates aU data obtained under these State and FederaUy supervised 

investigations. 
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Carrier Project Coordinator 

Carrier Site Contact 

EnSafe Project Manager 

EnSafe Site Manager/Geologist 

EnSafe QuaUty Assurance Officer 

EnSafe Health & Safety Officer 

Nelson Wong 

Carl KruU, CHMM 

PhUUp G. Coop, CHMM 

Paul V. Stoddard, RPG 

Craig Wise 

Rick Barlow 

1.1 Site Background Information 

Location ., 

The ColUerviUe Site is located on the westem side of the Town of CoUiervUle, Shelby 

County, Tennessee. Shelby County, TN is located in the southwest portion of the state and 

is bound to the north by Tipton County, to the east by Fayette County, to the south by 

DeSoto County, Mississippi, and to the west by the Mississippi River. The Site is located 

near.theintersectiomof Poplar Avenue (U.S. Highway 72) and Byhalia Road. The address 

is 97 South Byhalia Road, CoUiervUle, TN 38017. CoUiervUle is located approximately 21' 

mUes east of downtown Memphis, TN, Latitude 35° 02' 33", Longitude 89° 41' 00". The 

Site is located on the CoUierviUe Quadrangle, USGS Topographic Map. Figure 1-1 is a 

location map showing the CoUierviUe Site and vicinity. Figure 1-2 shows the Site itself and 

relevant features. 
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Rapid development is occurring north and west of the Site, consistent with the growth of the 

Town of CoUiervUle the population of which exceeds 13,000. (TDHE, 1986) 

Climate 

CoUiervUle's climate is typical of the Memphis region which is humid with summer 

temperatures ranging from the low 80s°F to 100°F; and winter temperatures in the 40s°F. 

Average humidity is 50 to 60 percent. Average rainfaU is 56 inches per year. 

Evapotranspiration averages 40 inches, most of which occurs between May and October. 

[TDHE, 1986] 

Average wind speed is 10 mUes per hour in winter and 7 mUes per hour in summer. 

Predominant wind direction is north-northeast. [TDHE, 1986] 

Description 

Figure 1-3 is a topographic map of the Site. The information in Figure 1-3 is also contained 

in Plate 1, located at the end of this report. Plate 1 is a r ' = 100' scale map, with 2-foot 

topographic contour lines prepared from an orthophotogrammetric survey conducted in early 

1990. Currentiy the site slopes gentiy to the Southland West. The Site has been graded and 

filled in varioiis locations in; order to change-drainage patterns;: a ^ 

manufacturing use. In general the westem portion of the property has been graded and 

leveled, with excess dirt moved to the areas under BuUdings A and F. A pond located at 

the westem edge of the Main Plant has been fiUed. A drainage ditch miming east/west on 

the westem side of the property was removed; and an intermittent stream was rerouted 

around the area which became the Main Plant. Figure 1-4 iUustrates the topographic 

changes. 
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The Site consists of approximately 135 acres owned principaUy by Carrier Corporation 

(Carrier) which operates a manufacturing facUity on the property. The land was agricultural 

untU 1969 when manufacturing development began. Carrier, an air conditioning 

manufacturer developed the property in 1969-1970 and manufacmring began in 1971. 

Carrier's use consists primarily of four buUdings: Main Plant which is an assembly plant 

for air conditioning units; BuUdings A and F which contain storage and supporting 

operations; and an office buUding. (BuUdings A and F were formerly manufacturing 

buUdings. Pre-1989 maps of the site wiU show aboveground tubes connecting these two 

buUdings. The tubes were used to move long lengths of aluminum cooling fins. The 

majority of these tubes have now been removed; however, a few are stiU in use for parts 

service.) 

In 1967, the City of ColUerviUe instaUed a weU field for potable water on the northwest 

comer of the Site. The operation consists of two weUs, described as the West WeU and the 

East WeU, a treatment plant, and a storage tank. This area is identified as WeU Field #2 and 

provides up to 1.4 miUion gaUons per day of potable water to the Town of CoUiervUle. 

Although pumping rates vary depending upon demand, both weUs are operational and 

currentiy; in-service., ; 

1.2 Release Sites 

The State of Tennessee, Department of Health and Environment (TDHE) issued a Site 

Inspection Report (SIR) on the Carrier property in CoUierviUe on 15 September 1986. The 

report stated that there have been documented releases of trichloroethylene (TCE) on the 

property. The three potential sources identified by the TDHE are: a 1979 trichloroethylene 
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release, a closed unlined surface impoundment and a 1985 trichloroethylene leak. The 

locations of these three aUeged releases are shown on Figure 1-5. The figure shows areas 

beUeved to have been impacted by these releases. The shaded areas were the focus of the 

"source" investigation phase of the RI. 

1979 Trichloroethylene Spill 

In 1979, the Carrier plant experienced a spiU of trichloroethylene from a heated 

degreasing unit located on the south side of the plant. The spiU occurred as a result of 

the faUure of a filter cover on the unit. At the time of the spUI it was estimated that several 

thousand gaUons of trichloroethylene were lost. The relative losses to air and ground surface 

are unknown. 

* 

The solvent coUected on what was then the south parking lot. (This parking lot was located 

approximately at and south of the current location of BuUding A.) In response to the 

spiU, the ColUerviUe Fire Department was caUed. According to their report, residual 

material was washed off the parking lot by the municipal Fire Department in a generaUy 

western, and} southem direction. The. asphalt parking, lot was. reportedly softened by 

the absorption of^the solveint;' and was therefore- removed for off^site^disposal/vSome,^ 

washdown water containing TCE may have also been directed eastward by the Fire 

Department. 

10 
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In 1981, six borings were advanced to 30 feet in the area thought to have been impacted 

by this 1979 spiU. Samples were coUected at five foot intervals and the resulting samples 

were analyzed for TCE. The tests were negative to a detection limit of 10 ppb. In 

1986, TDHE coUected eight soU samples in this area, two of which were positive for TCE 

at about 100 ppb and six of which were negative to the detection limit of 10 ppb. 

Clarifier Sludge Surface Impoundment 

In or about 1972, Carrier instaUed a wastewater surface impoundment on the northwest 

comer of the property. Data from the state's Site Investigation Report indicates that the 

surface impoundment was approximately 50' by 48' and contained approximately less than 

one foot of sludge at the time it was removed in 1980. The area was used for the storage 

of clarifier pit sludge which was essentiaUy an alkaline zinc phosphate washer sludge 

according to plant personnel. 

The exact location and constmction detaUs of the surface impoundment were not estabUshed 

when the investigation began. To aid in the approximate determination of the 

impoundment a 1969 topographic map [Jones & Mah, 1966] and an aerial photograph of 

the area n^SDA,:l 980] jyereiised. However, the topography ofthe area was changed 

when: the impoundment and ;a layer of subsoU beneath it were removed in 1980;,̂  

The location of the former surface impoundment has now been firmly estabUshed using 

historical aerial photographs (See Figure 1-5). The surface impoundment and its contents 

were removed by commercial contractor and disposed of in a waste management faciUty 

in EmeUe, AL in 1981. The area was then regraded. 
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1985 Trichloroethylene Leak 

On January 23, 1985 Carrier experienced a second release of trichloroethylene as a result 

of a pipe faUure associated with an above ground tank holding trichloroethylene. An 

estimated 500 gaUons were lost. In Febmary, 1985 the TCE tank, associated piping, and 

up to 15 feet of soU were removed from the spiU site. Immediate response operations 

resulted in the recovery of approximately 542 gaUons of TCE. The amounts of TCE lost 

and recovered are best estimates made by Carrier at the time of the release. In May, 1985 

soU samples from the excavation showed TCE at depths up to 30 feet from the surface. 

FoUowing soU removal, a spiU investigation was conducted by Roy F. Weston, Inc. 

to assess the impact of the leak. A March, 1986 Weston report indicated that soU 

samples taken from the surface to the top of the "confining clay" were negative for TCE. 

As part of the spiU investigation, five monitoring weUs were instaUed on the property. 

WeUs MW-1, MW-10, MW-12 AND MW-14 are screened in the deep aqutfer on site. 

MW-13 is screened in the shaUow aquifer. [Weston, 1986] 

WeU monitoring began in September of 1986 by EnSafe personnel. Two of these weUs, 

one screened in the upper sand (MW-13) and one screened in the lower sand (MW-1), have 

shown measurable concentrations of trichloroethylene. (Note: Early Weston reports 

referredvĵ to'i theset; two;weUs asMW-lSvimd MW-4'respectivefy)̂ ^̂ ^ 

1.3 Nature and Extent of the Problem 

On July 15, 1986 the City of ColUerviUe's west weU in weU field #2 adjacent to the Site was 

sampled by TDHE and found to contain TCE. Subsequent analyses conducted on a 

bimonthly basis have shown values of TCE in the untreated water from the west weU 
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averaging 21 ppb. Values in the east weU have averaged 10 ppb for the untreated waters. 

At no time has the measured TCE in the treated water from CoUierviUe's Water Plant #2 

exceeded the EPA MCL of 5 ppb for trichloroethylene [Mathis 1990]. Values in treated 

water, prior to chlorination, averaged 4 ppb, prior to the instaUation of a treatment system 

to remove TCE. No TCE has been detected in the city drinking water since instaUation of 

the system in June 1990. The maximum contaminant level (MCLs) for TCE is 5 ppb. The 

MCLs for the cis and trans isomers of dichloroethylene have been estabUshed at 70 and 100 

ppb, respectively. 

In addition to the City of ColUerviUe's weU field #2, fifteen (15) private weUs have been 

identified by TDHE within three mUes of the site. Analyses of these weUs by TDHE in 

September and October, 1986 were negative for TCE to a detection limit of 0.1 ppb. 

[TDHE, 1986]. Private weUs were again sampled in the current investigation with no TCE 

detected at a detection limit of 5 parts per bilUon. Four of the private weUs sampled during 

the RI were dupUcates of those sampled by TDHE, Schilling Farms, Dr. Harold McCormick 

residence. Piper Plow Works, and the Dr. John Bennett residence. 

Baseo on a review of background information and site characteristics, the site investigation 

focused as a primary goal on the identification and quantification of TCE in soUs, subsoUs, 

and:;grotmdwater on the;;Site:« Airj direct cotitact,^ surface waterrandbiologu^ai:impacts 

were also evaluated. 

1.4 Source Removal and Impact Reduction Actions 

Carrier Corporation has taken a nuniber of steps to remove/eliminate sources of TCE and 

reduce the impact of prior releases. 

14 



Remedial Investigation Report 
Collierville Site 
Revision B 
June 24, 1991 

FoUowing the 1979 spiU, a large area of asphalt pavement and underlying soU was excavated 

and disposed off site prior to repaving. 

The former surface impoundment was excavated in 1980 and shipped off site for disposal. 

In 1989, Carrier instaUed a groundwater recovery and tieatment system, described in Section 

6, to remove TCE contaminated groundwater and vapors in the area of the former surface 

impoundment. 

After the 1985 release. Carrier initiated a massive soU excavation and testing program to 

remove TCE and TCE contaminated soUs from the impact area. 

In 1990, Carrier and the Town of CoUierviUe designed and instaUed an air stripping tower 

system at the WeU Field #2 Treatment plant. This 1.5 mgd system removes TCE from raw 

water prior to entry into the treatment plant and aUows the Town to use WeU Field #2 fuUy. 

The treatment system was designed to handle in coming TCE concentrations ten times the 

average values in raw water. Design, constmction, and operation of this system was 

coordinated with and approved by the Tennessee Department of Water Supply (which permits 

water treatment systems), the Memphis-Shelby County Health Department, Bureau of 

PoUution ControL(which has delegated.authority for air emissions permitting), the State, of 

Tennessee Division of Superfund, and the Town of CoUierviUe: EPA; Resgibn TV; was 

informed and concurred in the action. 

The treatment system is monitored on a monthly basis at present. No TCE has been detected 

in the Town's treated water since installation of the system. (Detection limit is 0.3 ppb.) 
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2.0 REGIONAL GEOLOGY 

2.1 Geologic Setting 

The Memphis/Shelby County area is situated in two major physiographic subdivisions; 

the Mississippi AUuvial Plain and the Gulf Coastal Plain section. The CoUierviUe Site 

is located in the Gulf Coastal Plain section which is distinguished by gently rolling 

topography and a characteristic thick layer of loess deposited during Pleistocene 

glaciation. Anomalous areas of loess deposition are associated with aUuvial plains of 

Mississippi River tributaries that cross the area. These rivers include the Wolf River, 

the Loosahatchie River, zmd Noncoimah Creek [Graham and Parks, 1986]. 

The CoUierviUe Site occupies a tract of land adjacent to and including a portion of 

Nonconnah Creek. 

2.2 Hydrogeologic Setting 

As.much>as;3000 feet of imconsoUdated deposits overUe bedrock in the Memphis/Shel^^ 

County area. The sediments consist principaUy of sand, clay, gravel, sUt, and some 

Ugnite. The principal freshwater aquifers in the designated area are: 1) the aUuvium, 

2) fluvial (terrace) deposits 3) the Memphis Sand, and 4) the Fort Pillow Sand 

[Graham, 1982]. The aUuvium and fluvial deposits are separated in most areas from 

the Memphis Sands by the Jackson-upper Claiborne confining layer (locaUy referred to 

as the Jackson Clay). The Memphis Sands and the Fort PiUow Sands are separated by 
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the Flour Island confining layer. Figure 2-1 is a hyrdrogeologic section adapted from 

Parks and Graham (1986) showing the principal aquifers and confining beds in the 

Memphis area. 

2.2.1 Stratigraphy and Lithology 

The alluvium consist of a mixture of Holocene and Pleistocene fluvial sands, gravels, silts 

and clays that vary in thickness from 0-175 feet. Underlying the aUuvium are eolian 

deposits of Pleistocene loess consisting primarily of sUt, sUty clay, and traces of sand with 

a thickness that varies from 0-65 feet. Quaternary Pleistocene and Tertiary Pliocene 

fluvial deposits consist primarily of sand, gravel and clay mixtures in terraces developed 

by fluvial and fluvioglacial processes. Thickness of these deposits can vary from 0-100 

feet (Steams, 1975). A distinct boundary exists at the base of the fluvial deposits and 

the top of the underlying Eocene Jackson Clay. 

The Jackson Clay is the uppermost unit in the Claiborne Group and marks the boundary 

between the Eocene and the overlying PUocene Series of the Tertiary System. The 

Jackson Clay was deposited during the last transgressive phase of the sea occupying an 

arm of the Mississippi Embayment and both marine and non-marine facies are present 

ut •this:unit?::(Gushihgjet al.; 1964)., The; Jackson iconsists:of:dense,;brown/gray to reddish: 

clay and fine-grained sand-clay combinations mixed with Ugnite in some areas. In the 

Jackson, dense glauconitic clays axe characteristic of the marine environments, while 

lignite and local sand-clay and sand lenses develop in the clay in the back-beach 

18 



iacksoimjDDer Claixxne confring bed 

400 ' -

200 ' -

SEA LEVEL-

200 ' -

400 ' -

600 ' -

8 0 0 ' -

1000'-

1200'-

1400'-

Loess and Ajviai deposits 

B' 

M-1 
>Mray r 400' 

- 200' 

SEA LEVEL 

- 200' 

- 400' 

- 600' 

- 800' 

- 1000' 

- 1200' 

1400' 

EXPLANATPN 

v ray 
Gamma-ray log 

•• S p i - ; . ' ; • . . • . . • 

S|pg<amou»txto<mog 

R 
naaBtivity 

I ••• A ^ ^ ' p * * " ^ 
' 6 2 4 6 8 10 KLOMETBtS 

TFTONCO 

IZ 
MBS 

A * WALLS 

0 2 4 6 8 ip MLES 

Figure 2 - 1 - Hyttogeoiogic section showing lhe prirapal ac|ujiecs anti confining 

beds h the Memphis area Cmodtted tarn Graham and Partes, USGS 1986) 

19 



Remediallnvestigation Report 
Collierville Site 
Revision B 
June 24, 1991 

environments. Thickness of the clay varies between 0-360 feet. The Jackson Clay grades 

into the Memphis Sand forming an indistinct boundary between the two units. 

The Memphis Sand is a regressive thick-bedded sand unit deposited in near-shore to 

back-beach deltaic and aUuvial environments. OsciUations of sea level in the Mississippi 

Embayment resulted in the grading of rivers and streams and the accumulation of this 

thick mass of coastal Claiborne sand. The Memphis Sand consists of massive beds of 

fine to coarse grained weU-rounded to sub-angular sand and gravels intercalated with 

thin lenses and beds of sUt, clay and argillaceous, micaceous and Ugnitic materials 

[Moore, 1965; Hosman, et al 1968]. The sand lacks fossUs but remnants of weU-

developed flora exist. The interbedded clay/sUt layers are up to 20 feet thick but appear 

to have only a local effect on hydrauUcs in the Memphis Sand. General strike is N-NE, 

dip is to the west towards the Mississippi River and total thickness generally varies 

between 500-850 feet. The Memphis Sand imconformably overUes the Eocene Flour 

Island Formation. 

The Flour Island Formation, another Tertiary transgressive marine clay unit, is a dark 

gray-brown to greenish-brown carbonaceous clay with associated lignite. Local lenses 

of;silty,an(^vsandy;;clayH:range in; tMclmessi between-d-SGi^ 

throughout the unit along with indurated thin layers of sand and iron cement that forms 

hard streaks. Thickness of this unit varies between 160-395 feet. The Flour Island 

Formation marks the boundary between the Eocene Claiborne and Wilcox Groups and 

serves as a confining unit between the overlying Memphis Sand and the underlying Fort 

Pillow Sand. 
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The Fort PiUow Sand is a thick regressive Wilcox sand unit developed in a shallow-water 

near-shore environment. The well-sorted sand is fine grained in the upper half and fine 

to medium grained in the lower half. Clay lenses and lignite are dispersed throughout 

the sand. Thickness ranges between 210-280 feet in this aquifer unit. 

2.2.2 Hydrology 

The alluvium and fluvial deposits comprise the shallow water table and show 

inconsistencies throughout the region. Presence or absence of shallow ground water may 

be indicative of "perched" zones characteristic of corresponding undulations in the 

subsurface associated to the Jackson Clay layer. 

Graham and Parks (1986) suggest that the areal differences in the Jackson's abihty to 

retard movement between the shallow ground water and the Memphis Sand is directly 

associated, with the aggregate thickness of clay beds within the, unit. However, the 

confining bed also contains fine sand and sandy sUt, which causes local variation in its 

ability to retard the moverhent of water between the water-table aquifers and the 

Memphis Sand. Aggregate thickness of clay beds thicker than 10 feet in the 

Jackson-upper Claiborne confining bed range from 0-250 feet. As seen from Figure 2-1, 

the; JadcspnTUpperQaiborne apparently pinchesoutiinrthevim 

resulting in a direct exchange of groundwater between aquifers. This is further 

substantiated by the location of the CoUierviUe Site in relation to the outcrop area of 

the Memphis Sands. 
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Previous regional studies by the U.S. Geological Survey suggest that some recharge to 

the Memphis Sands may be directly related to vertical movement through the 

Jackson-upper Claiborne. Graham (1982) imphes that a strong indicator of vertical 

leakage is that the regional cone of depression for the Memphis Sands is relatively 

shallow for current pumping rates. Brahan (1982) simulated these water levels using a 

digital flow model, but oiUy after he had established a confining bed leakage factor of 

20% from the overlying water-table aquifer. Graham and Parks (1986) give additional 

evidence for vertical leakage: (1) the aforementioned aggregate thickness of clay beds, 

(2) difference in hydraulic heads between the aquifers, (3) vertical and areal variations 

in carbon-14 and tritium concentrations in water from the aquifer, and (4) local 

deviations from the normal geothermal field as shown by geophysical temperature logs. 

Based on a subsurface study, Bradley (1987) concluded that groundwater at the Shelby 

County landfill was migrating vertically from the aUuvial and fluvial deposits directly into 

the Memphis Sands. 

The deeper Memphis Sands and equivalent deposits are confined throughout most of the 

Memphis area, except in the east and southeastem portions of Shelby County (Figure 

2-2)., The Fort Pillow Sand is artesian throughout the Memphis area and including the 

CoUierviUe' Site.: Vertical'interaquifer exchange' ihetweenr the; Metnphis:̂ SandSxand the: 

Fort PUlow Sands is restricted by the low hydrauUc conductivity associated with the Flour 

Island confining layer. 
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3.0 INVESTIGATION METHODOLOGIES 

On the basis of previous work and the Hazard Ranking Score documents, the RI focused on 

the need to determine the primary pathways of contamination movement from TCE source 

areas to groundwater, specificaUy shaUow groundwater. Previous investigations at the Site 

had resulted in the installation of fifty-five (55) soU borings. Eighteen of these borings were 

completed as monitoring weUs; ten (10) in the fluvial terrace deposits above the Jackson 

Clay, and (8) within the Memphis Sands aquifer beneath the Jackson clay layer. 

To supplement earUer work (specificaUy to complete the detemiination of extent of 

contamination), a series of thirty two (32) additional borings were angered on site during the 

RI. Eighteen borings were completed as shaUow monitoring weUs and were screened in the 

fluvial deposits above the top of the Jackson aquitard. One boring was completed as a deep 

monitoring weU (MW-58) and was screened within the Memphis Sands aquifer. Three (3) 

additional monitoring weUs were instaUed in the uppermost aquifer at diverse locations 

within the CoUierviUe city limits to estabUsh additional background groundwater quaUty 

infbrmation\/i V;. 

The location, analytical protocol, and methodologies for samples coUected from additional 

borings were chosen to achieve the foUowing corollary goals: 

• Verify (and determine vaUdity of) past sampling and analyses. 
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• Identify, confirm, and describe the location of specific site constituents. 

• Obtain additional geological data pertaining to the site. 

In order to meet these objectives, the Remedial Investigation consisted of three (3) phases 

of field activities. The first Phase (Phase 1) of the investigation incorporated one shaUow 

boring to the saturated zone above the Jackson Clay in each of the foUowing study areas: 

1) the 1979 spUl site 

2) the 1985 spUl site 

3) the former surface impoundment, and 

4) a background sample from an area presumed to be free of 

contaminants. 

SoU and groundwater samples coUected from the Phase I field investigation were analyzed 

in accordance with fuU Contract Laboratory Procedures (CLP), for aU Target Compound List 

(TCL) and Target Analyte List (TAL) compounds. The Phase I effort was described in a 

report :accepted5'b)̂ :EPA;:;and;:dated June 4, 1990y It^linlited; fiitureanalytical; actiyities sfor 

Confirmed Site Constituents (CSCs) at the CoUiervUle Site. The CSCs approved in the 

June 4, 1990, report for the CoUiervUle Site identified volatUe organics and metals. 
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Phase n and Phase HI field activities were designed to close aU data gaps and delineate the 

nature and extent of contamination. 

3.1 Sampling Techniques 

In order to minimize the potential for cross contamination during sample coUection extreme 

care was taken during handling. Precautionary steps included the foUowing: 

1) Prior to individual sample coUection, a clean piece of clear plastic was set 

down to serve as a work surface. 

2) A clean pair of latex surgical gloves was worn each time an individual sample 

was coUected. 

3) AU sample coUection equipment was pre-cleaned and wrapped in aluminum 

foU prior to transportation to designated sample locations (Cleaning 

procedures are outlined in Section 3.5). 

4) Field sampling teams consisted of at least two people. One person coUected 

the sample and the other team member kept complete notes on sampling 

activities;: conducted^ Healthand Safety: monitoring; andvassiiredthatprpi^ 

sampling procedures were foUowed. 

5) AU disposable sampling equipment was stored in heavy weight plastic bags at 

the designated sample location. These were then transported to the designated 

decontamination area and stored in 55-gaUon, DOT approved, steel dmms. 
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6) Prior to drilling, a clean piece of plastic was placed under the rear of the drill 

rig to aid in containing auger spoUs. During actual driUing activities aU spoUs 

were then transferred to 55-gaUon, DOT approved, steel dmms. 

7) Drilling activities progressed from areas free of contamination to those areas 

which were suspect. 

8) AU equipment (sampling and drilling) used during the field investigation was 

decontaminated in accordance with the approved RI/FS Sampling Plan, 

Revision C, December 4, 1989. One modification to the approved 

decontamination procedure was the omission of the nitric acid rinse. This 

omission was approved by ESD oversight during the Phase I field 

investigation. In order to meet the criteria for organic free water for the 

field investigation a water treatment system was instaUed at the Site. This 

system consisted of potable water being introduced into a carbon treatment 

system and mixing bed for deionization. Treated water was then deUvered to 

the decontamination area via a Teflon lined staiiUess steel spigot and hose. 

SoU Samples 

SoUJsamples; coUectedjfrom :each of the^boringflocationsfw^ 

source area(s) of groundwater contamination. The borings were instaUed in the approximate 

locations identified on Figure 3-1. 
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Phase I 

SoU samples coUected during the Phase I investigation were coUected at eight (8) foot 

intervals to the top of the Jackson Clay confining layer utilizing a CME 55 drill rig. 

Samples were coUected by driving a twenty four (24) inch spUt spoon sampling device into 

undisturbed soUs through the aimulus of four and one half (4 1/2) inch hoUow stem augers. 

Upon retrieval of the sampler from the borehole, the sampler was opened and the sample 

designated for volatUe analysis was immediately coUected to minimize the risk of 

contaminant volatilization. The remaining sample was homogenized in a pre-cleaned glass 

or stainless steel bowl and subsequent samples were coUected for the remaining analytical 

parameters. SoU samples during the Phase I field investigation were analyzed for fuU CLP 

TCL/TAL constituents. SoU samples were also analyzed for TCE by the soU screening 

methods outlined in Sect 4. 

SoU samples were coUected in laboratory cleaned jars and labeled for identification. Samples 

were preserved immediately in an ice chest at approximately 4 degrees C. A total of twenty 

four (24) soU samples were coUected during Phase I of the field investigation. 

Phase;II :andvi*ase vlllo 

SoU samples coUected during Phase n and Phase HI of the field investijgation were coUected 

at five-foot intervals to the top of the conilning layer (Jackson Clay Formation). Sample 

coUection techniques foUowed those outlined in the Phase I field investigation. The Phase 

I soU sample coUection procedure was modified to aUow for a third composite sample to be 
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coUected in an 8 oz. glass jar. The jar was sealed and then held at room temperature for a 

period of six (6) to twelve (12) hours for quaUtative headspace analysis using an hNu 

photoionization detector (PID) with a 10.7 eV probe. Table 3-1 contains the results of 

headspace determination made during Phase n and Phase HI of the RI. 

Based on the results of headspace analyses, soU samples coUected during Phase n and Phase 

in of the field study were chosen for CLP confirmed site constituents. Specified samples 

with the highest PID readings were sent to the contract laboratory for analysis for confirmed 

site constituents. A spUt sample of each designated CLP sample and aU remaining samples 

from each interval were analyzed utilizing the soU screening methodology outlined in Section 

4. This method enabled the source area(s) to be quickly identified based on relative TCE 

concentrations measured at various locations and depths. Table 3-2 is a comparison of TCE 

concentrations based on field screening methodologies with actual CLP analytical results. 

SoU borings completed during the investigation were pressure grouted from the bottom to 

the ground surface with the EPA approved cement/bentonite/water mixture. The mix ratio 

for the grout was approximately six (6) to seven (7) gaUons of water per ninety four (94#) 

pound bag of Portland-Cement. Bentonite powder was added.at four (4) to.fiye( 

by volume. No boreholes were backflUed with auger spoUs. 
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Wet I Number 

B-O 

B-42 

B-43 

B-44 

B-45 

B-46 

B-47 

B-48 

B-49 

NU-25 

NU-27 

MU-29 

MU-31 

NU-33 

MU-35 

MU-37 

MU-39 

HW-41 

HU-43 

PID Background 
ppn 

0.02 

0.3 

0.4 

0.0 

NA 

NA 

NA 

NA 

NA 

NA 

0.2 

0.1 

0.3 

NA 

0.2 

NA 

0.1 

0.2 

0.1-0.2 

SAMPLE NUMBERS 
SAMPLES DEPTH IN FEET 

PID RESULTS IN PPM BENEATH 
EACH SAMPLE DEPTH 

1 

3 .5 ' 

0.8 

1.8 

3.2 

1.8 

NA 

13 

1.2 

NA 

130 

NA-

0.2 

0.1 

1.2 

0.0 

0.2 

1.0 

1.0 

0.2 

0.2 

2 

8-10* 

0.8 

0.8 

26 

2.8 

NA 

52 

0.8 

NA 

72 

NA 

0.2 

0.1 

0.4 

0.1 

0.4 

0.4 

2.2 

0.2 

0.2 

3 

13-15 

0.8 

0.4 

21 

NA 

NA 

120 

1.6 

NA 

50 

NA 

0.2 

0.1 

0.4 

0.0 

NA 

0.2 

5.2 

0.2 

0.2 

4 

18-20 

1.0 

1.2 

28 

NA 

NA 

130 

2.8 

NA 

2.8 

NA 

0.2 

0.1 

0.4 

0.2 

NA 

0.1 

3.4 

0.2 

0.2 

5 

23-25 

1.0 

1.0 

2.6 

NA 

1.1 

22 

3.0 

NA 

2.0 

NA 

0.2 

0.1 

0.8 

0.1 

NA 

0.0 

0.6 

0.2 

0.2 

6 

28-30 

0.8 

0.4 

26 

* 

0.8 

16 

0.6 

NA 

4.0 

NA 

0.2 

0.1 

1.0 

0.2 

NA 

0.3 

0.4 

0.2 

0.1 

7 

33-35 

0.8 

1.2 

3.4 

* 

* 

* 

5.4 

NA 

20 

NA 

0.2 

0.1 

0.6 

0.8 

NA 

30 

0.4 

0.2 

0.1 

8 

38-40 

* 

1.4 

4.4 

• 

* 

• 

IS 

NA 

30 

NA 

0.2 

0.1 

0.8 

1.0 

NA 

30 

0.8 

0.2 

0.1 

9 

43-45 

* 

1.2 

3.6 

• 

* 

* 

26 

NA 

28 

NA 

0.2 

0.1 

0.6 

0.1 

* 

1.8 

1.2 

0.2 

0.1 

10 

48-50 

* 

1.0 

* 

* 

* 

• 

10 

NA 

52 

NA 

0.2 

0.1 

1.2 

1.4 

* 

18 

1.2 

0.2 

* 

11 

53-55 

* 

2.6 

• 

* 

• 

* 

12 

* 

* 

NA 

0.2 

0.1 

• 

1.8 

* 

• 

1.4 

0.2 

* 

,a 

58-60 

. 

* 
. 

* 

* 

* 

0.2 



UJ 
u> 

A y ^''m':i,si!'!s^;^£^?'f^yAA •- yyy:] 
Soi l Boring or 

Monitoring 
Uel l Nui<>er 

MU-45 

MU-49 

MU-51 

MU-S3 

MU-55 

MU-57 

MU-5a 

MU-59 

MU-61 

PID Background 
ppm 

NA 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

iA 
SAMPLE NUMBERS 

SAMPLES DEPTH IN FEET 
r-. • • PID RESULTS IN PPM BENEATH 

EACH SAMPLE DEPTH j 

1 

3-5 

NA 

0.2 

0.0 

0.4 

0.1 

0.0 

0.0 

0.0 

0.0 

:. ? 

8-10 

NA 

0.2 

0.6 

0.2 

0.2 

0.0 

0.6 

0.0 

O.d 

3 

13-15 

NA 

0.1 

0.0 

0.3 

0.2 

0.0 

0.0 

0.0 

0.0 

4 

18-20 

NA 

0.2 

0.0 

0.2 

0.2 

0.0 

0.0 

0.0 

0.0 

5 

23-25 

NA 

0.7 

0.0 

0.3 

0.3 

0.5 

0.5 

0.0 

0.0 

6 

28-30 

NA 

0.4 

0.4 

0.1 

0.2 

0.0 

0.0 

0.2 

0.2 

7 

33-35 

NA 

0.0 

0.4 

0.2 

0.6 

0.0 

0.0 

0.3 

0.2 

8 

38-40 

NA 

0.0 

0.8 

0.2 

0.9 

0.0 

0.0 

0.1 

0.3 

9 

43-45 

NA 

* 

0.8 

0.2 

0.3 

0.4 

0.4 

0.4 

0.2 

10 

48-50 

NA 

• 

O.S 

0.3 

0.2 

0.2 

0.2 

0.1 

0.7 

11 

53-55 

NA 

* 

1.0 

0.2 

0.4 

0.0 

0.0 

0.1 

0.3 

12 

58-60 

NA 

* 

0.2 

0.3 

1.2 

0.0 

* 

• 

* 

13 

* 

NA 

• 

0.2 

* 

0.4 

• 

* 

• 

• 

14 

• 1 

* 

0.2 

. 

* 
* 

• 
* 

* 

MOTE: Aster isk ( * ) Indicates that a sa^f>le W not co l lec ted i n t h i s ue l l a t t h i s corresponding depth. 
1 IU- indicates tha t i n f o r M t i o n i s riot ava i lab le due to Mechanical d i f f i c u l t i e s with the PID. || 



TABLE:v3-2^:v .:•:.;:.•. 
COMPARISON OF TCE (CONCENTRATIONS 

j ; FIELD SCREENING MBTHODO CLP ANALYSES 

SOIL BORING OR 
MONITORING WELL 

B37-1 

B37-2 

B37-3 

B37-4 

B37-5 

B37-6 

B37-7 

B38-1 

B38-2 

B38-3 

B38-4 

1 B38-5 
B38-6 

B39-1 

B39-2 

B39-3 

B39-4 

B39-5 

B39-6 

B40-1 

B40-2 

B40-3 

B40-4 

B40-5 

B40-6 

B41-7 

B42-11 

1 B43-4 

FIELD SCREENING 
VALtTE iiq/TK.g 

<10 

<10 

<10 

<10 

<10 

<10 

N/A 

299,000 

326 

15,100 

31 

270 

45 

118 

122 

93 

53 

117 

76 f 

A y 1890 

114 

21 

37 

80 

1230 

<10 

10 

<10 

CLP VALUE 
Mg/Xg 

<6 

<5 

<5 

<5 

<5 

<6 

<6 

3500E 

IJ 

<6 

<5 

3J 

<6 

30 

69 

87 

<5 

<5 

<5 

860E 

<6 

<5 

<5 

<5 

1300 

<6 

<5 

2J 

34 



COMPAB 
FIELD IBCREEN: 

SOIL BORING OR 
MONITORING WELL 

B44-3 

B45-.1 

B46-4 

B47-9 

B48-1 

B49-10 

B49-11 

MW27-12 

MW29-12 

MW31-10 

MW33-11 

MW35-6 

MW37-7 

MW39-3 

MW41-10 

MW43-9 

MW45-11 

TABLE 3-2 
.ISON OF TCB CONCENTRATIONS 
ENG METHODOLOGIES VS. CLP ANALYSES 

FIELD SCREENING 
VALUE Mg/lcg 

<10 

<10 

56 

<10 

<10 

<10 

N/A 

<10 

<10 

<10 

N/A 

<10 

<10 

30 

<10 

<10 

<10 

CLP VALUE 
Mg/lcg 

<6 

<6 

80 

<5 

<6 

8 

<6 

<6 

<6 

<6 

<6 

<6 

<5 

<6 

<5 

<6 

<6 

NOTES: E - indicates the TCE concentration exceeds the upper 
quantitation limit. The result given is an 

• .••;•'...;•:•'estimations^: •• ̂  .•• ̂  • 
J - indicates the TCE concentrationsfaLLs; bellow the>>. 

lower quantitation limit. The result given is an 
estimation. 

N/A - indicates a result is not available. 
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Nonconnah Creek Sediment Samples 

To support the proposed benthic study of Nonconnah Creek and to determine the surface 

water migration potential, two sediment samples were coUected from the creek bed. One 

sediment sample was coUected from an upstream location and one was coUected from a 

downstream study location. The Creek sediment samples were coUected with stainless steel 

spoons. To avoid localized variations in sediment, grab samples were coUected within a ten 

foot radius and composited into a precleaned glass bowl. To minimize the risk of 

volatilization, those samples designated for volatUe analysis were containerized immediately 

upon sampling. The volatUe sample was coUected from the first grab sample and prior to 

homogenization. Subsequent samples were thoroughly homogenized prior to 

containerization. Each sample location was flagged and recorded. 

Sediment szunples were analyzed by CLP procedures for the Confirmed Site Constituents and 

are further described in Section 7. 

WeU Field Water Samples 

Samples of raw and finished drinking water from the CoUierviUe WeU Field #2 were also 

coUectediand analyzed throughout the investigation. Sampling taps ejdst on the,̂ ^^ 

weUs and at each stage of treatment within the plant. Samples were coUected at the West 

WeU, East WeU, after aeration, after chlorination, and at entry into the storage tank (finished 

water). After instaUation of the air stripping tower, samples were also coUected "after 
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Stripping," (AS) sampling was also conducted by the Town of CoUierviUe, TDHE, and EPA 

at various times. 

WeU field samples coUected during Phase I of the RI were analyzed for fuU CLP TCL/TAL 

constituents and by EPA Method 601 to aid in vaUdating historical data (Section 4). 

Subsequent samples coUected during the RI were analyzed for confirmed site constituents. 

3.2 Monitoring WeU InstaUations 

Drilling for the borings completed as monitoring weUs also incorporated the use of hoUow 

stem auger techniques. ShaUow weUs were instaUed at the top of the Jackson clay fonnation 

and ranged from thirty (30) to sixty (60) feet below ground surface. Drilling was performed 

using a tmck mounted CME 55 driU rig. Initial augering and sampling were conducted 

utilizing three and one quarter (3.25) inch I.D. hoUow stem augers. Upon completion of 

soU sampling, the smaU diameter augers were retrieved and the boring was overdriUed 

utilizing six and one quarter (6.25) inch I.D. hoUow stem augers and the weUs were set 

through the annulus of the augers. Deep monitoring weUs ranged in depth from one hundred 

(l(X))'tOfOne:!hundred ten;(110)!:fiBet:and;were instaUedu^ 
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None of the weU instaUations in the RI study were placed in areas suspected or found to have 

high concentrations of contaminated soUs during drilling. This minimized the potential for 

cross contamination from surface soUs to shaUow aquifer. Site weUs in proximity to the 

source areas had been installed during previous studies. 

SoU samples were coUected from soU borings completed as monitoring weUs at five foot 

intervals using a twenty four (24) inch spUt spoon sampling device. Techniques outlined 

above for soU borings were consistent with those foUowed during weU installation. 

ShaUow weUs were screened from the interface of the clay aquitard through the bottom five 

feet of the fluvial terrace deposits. Monitoring weUs MW-29, MW-31, MW-59, and MW-

61, instaUed east of ByhaUa Rd. were screened at an interval below the elevation of the 

Jackson confining layer as identified in MW-3 immediately west of Byhalia Rd. The 

screened interval was set at the base of the fluvial terrace deposits and just above what was 

thought to be the uppermost portion of the Memphis Sands. During previous investigations 

atthe CoUierviUe Site Boring 30 which was instaUed east of ByhaUa Rd. was completed at 

approximately seventy (70) feet and indicated that the Jackson Clay was absent in this area. 

ShaUow weU constmction incorporated five (5) foot sections of 0^010 slot, stainless steel 

screen attached to a ten (10) foot section of staiiUess steel riser. The remaining riser located 

in the unsaturated zone was completed with galvanized steel. In addition, threads separating 

the joints between the stainless and galvanized riser were wrapped with Teflon tape to 
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minimize the potential for bimetalUc corrosion in those weUs where water in the saturated 

zone or the capiUary fringe extended above the screened interval. Additional suppUes of 

screen and riser received during the investigation were prefabricated with stainless steel 

threads to faciUtate coupUng; consequently. Teflon tape was omitted in some weU 

constmctions. 

The screened interval of each weU was backfiUed (by tremie method) with clean siUca sand 

( U.S.C.S. 10-20) to approximately two (2) feet above the screen, and sealed with a 

minimum of two (2) feet of bentonite. The siUca sand and the one quarter (0.25) inch Pel 

Plug pure bentonite peUets were emplaced around and above the weU screen utilizing a two 

(2) inch diameter PVC tremie pipe that was decontaminated and wrapped in clean plastic 

prior to each use. The depths to the sand pack and the bentonite seal were confirmed using 

the tremie pipe and a tape measure at the surface. The bentonite peUets were charged with 

organic free water and aUowed to hydrate for a minimum of eight (8) hours. The augers 

were left in the borehole above the bentonite seal during this eight (8) hour period to prevent 

sloughing and caving of natural materials into the annular space. The weU was then pressure 

grouted to the ground surface with a cement/bentonite grout. The mix ratio for the grout 

wasv approximately six (6); to ̂ seven (7) gallons^ of waterper ninety four (94#);:pound bag; of-

Portland Cement, Bentonite powder was added at four (4) to five (5) percent by volume; 

To faciUtate sampling procedures and further protect the integrity of each weU, a 4'x 4'x 6" 

pad with an outward slope was constmcted around nine (9) of the ten (10) monitoring weUs. 

Monitoring weU MW-27, was instaUed off site. As a condition to weU installation was flush 

mounted to the driveway surface with no concrete pad. Four additional weUs (MW-29, 
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MW-31, MW-57, and MW-58) were flush mounted as conditions for installation, but are 

protected by concrete pads. The remaining weUs were instaUed with approximately two (2) 

feet of stick-up with a protective steel casing and protective guard pipes. AU weUs were 

provided with locking caps, and keys remained under close contrpi. 

The deep weUs which penetrated the Jackson Formation clay to monitor the underlying 

Memphis Sand aquifer were designed to minimize the potential for cross contamination from 

the shaUow aquifer. Borings for the deep weUs were made utUizing 10.25 O.D. (outside 

diameter) hoUow stem augers. Drilling with the augers was extended a minimum of two (2) 

feet into the clay aquitard. A length of four (4) inch carbon steel surface casing was then 

set on the base of the borehole through the annulus of the augers. The augers were removed 

and the surface casing was pressure grouted in place to seal the base of the shaUow aquifer. 

The grout was aUowed to set a minimum of twenty four (24) hours prior to resumption of 

drilling. Mud rotary drilling was used to proceed through the protective casing and into the 

lower aquifer. The driUing fluids were a mix of pure sodium bentonite powder and potable 

water. The consistency of the mud was maintained as Ught a mix as possible to effectively 

maintain the integrity of the borehole waU. 

AU the deep weUs (except MW-58) were screened at the top of the underlying Memphis 

Sands aquifer. Upon reaching the desired depth, the driU stem was removed and a ten foot 
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section of 2-inch, 60 mesh staiiUess steel screen attached to galvanized steel riser pipe was 

instaUed. MW-58 instaUed during Phase HI was screened from approximately twenty five 

to thirty five feet beneath the Jackson Clay. MW-58 was constmcted utilizing a ten foot 

section of 2-inch, 0.010 slot, stainless steel screen attached to a corresponding section of 

stainless steel riser pipe to ground surface. The weUs were completed as outlined above. 

Each of the weUs was developed to remove driUing fluids and to maximize the weUs 

communication with the aquifer. 

DetaUs of aU weU installations, including location of filters and seals, types of materials, 

total depth, and top of casing elevations are presented in Table 3-3. Table 3-3 also indicates 

that MW-17 was not instaUed during previous Site studies. During drilling of MW-17 no 

saturated zone was encountered; therefore, the decision was made not to instaU the weU. 

The. same conditions were encountered during the installation of MW-19; however, the 

decision was made to instaU the weU as a "sump" set into the Jackson Clay. 

To further faciUtate field activities the weU numbering system incorporated during the 

investigation designated even numbered weUs for those weUs screened in the Memphis 

Sands:CMd numbered, wells, are ̂ screened; on .top; of ;or?.sUghtly/pCTetratii^ 

Jackson Clay aquitard: The only exceptions to this numbering sequence are'MW-T and MW-

IB which are screened within the Memphis Sands and MW-IA screened in the shaUow unit. 
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Table 3-3 
Monitoring Well Construction Data 

# 
Well 

1* 
IA 
IB 
3 
4 
5 
6 
9 
10* 
11 
12* 
13* 
IA* 
15 
16 
17// 
19 
21 
23 
25 
27 
29 
31 
33 
35 
37 
39 
Al 
A3 

Total 
Borehol 
Depth 
rft) 

102.A9 
A7.00 

100.61 
53.33 
83.00 
35.00 
80.00 
5A.67 
88.25 
A9.00 

102.79 
31.11 

108.02 
A8.50 
98.50 
53.50 
5A.50 
AA.OO 
33.50 
A7.90 
60.56 
60.07 
A9.89 
5A.05 
30. 2A 
A8.62 
58.19 
53.15 
A3.92 

Total 
e Well 

Depth 
fft) 

105.00 
A8.08 

103.00 
53.83 
83.17 
37.08 
81.67 
55.67 
90.27 
50.58 

105.15 
33.66 

110.55 
A9.50 
100.96 

55.98 
AA.98 
3A.77 
50.07 
60.08 
60.07 
50.07 
56.62 
32. IA 
50.20 
59.99 
55.09 
A6.33 

Well 
Bottoni 

Elevation 
^msl) / 

23A.11 
29A.i3 '• 
2A0.65 ^ 
286.22 
256.78 
306.52 
261.59 
286.83 
253.39 
292.86 
239.29 
309.16 
232.36 
288.55 
237.12 

-"', 
303.71 
308.37 
305.82 
295.00 
282.7A 
277.23 
287.3i 
281.85 
30A.76 
300.98 
301.51 
296.75 

311.68 

Depth 
Top of 
Filter 

rft) 

100.00 
36.00 
67.00 
35.33 
59.83 
26.00 
56.50 
AO.IO 
72.27 
35.00 
85.00 
23.66 
92.55 
37.00 
60.00 

36.00 
26.50 
18.00 
A0.50 
55.30 
52.30 
37.00 
A5.70 
23.00 
AO.OO 
50.20 
A3.00 
36.10 

Depth 
Top of 
Seal 
fft) 

93.00 
33.00 
63.00 
33.17 
57.66 
2A.00 
5A.50 
37.10 
65.00 
33.00 
79.00 
17.66 
85.55 
35.50 
5A.00 

3A.00 
25.70 
17.00 
38.20 
53.10 
50.1 
35.00 
A3. 20 
21.00 
38.00 
A8.10 
Al.OO 
3A.10 

Ground 
Surface 
Elevation 
fmsl> 

3A1.11 
3A1.03 
3A1.11 
338.11 
338.08 
3A1.A9 
3A1.53 
3A1.83 
3A1.6A 
3A1.99 
3A2.08 
3A0.27 
3A0.38 
336.80 
335,60 
358.10 
358.50 
351.60 
338.50 
3A2.90 
3A3.30 
337.30 
337.20 
335.90 
335.00 
3A9.60 
359.70 
3A9.90 
355.60 

Elevation Well Screen 
Top of 
Casing 
rmsl) 

3A3.62 
3A2.31 
3A3.50 
3A0.05 
339.95 
3A3.60 
3A3.26 
3A2.50 
3A3.66 
3A3.A6 
3AA.AA 
3A2.82 
3A2.91 
338.05 
338.08 

359.69 
353.35 
3A0.59 
3A5.07 
3A2.82 
337.30 
337.38 
338.A7 
336.90 
351.18 
361.50 
351.8A 
358.01 

Lgth 
fft) 

15 
5 

10 
5 

10 
5 

10 
5 
5 
5 

15 
15 
15 
5 

10 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

Slot 
Size 

rin) 

0.010 
60 Mesh 
60 Mesh 
60 Mesh 
60 Mesh 
60 Mesh 
60 Mesh 
60 Mesh 
0.010 

60 Mesh 
0.010 
0.010 
0.010 

60 Mesh 
60 Mesh 

60 Mesh 
60 Mesh 
60 Mesh 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 

Material 
(tvpe) 

Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
-... 

Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 

Well 
Dla. 

an) 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
-
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



Table 3-3 
Monitoring Well Construction Data, cont. 

ho 

Well 

A5# 
A7 
A9 
51 
53 
55 
57 
58 
59 
61 

Total 
Borehole 
Depth 
^ft) 

55.00 
35.00 
AO.OO 
6A.00 
62.50 
65.00 
57.00 
181.00 
59.30 
60.27 

Total 
Well 
Depth 
fft) 

3A.00 
33.00 
62.00 
62.50 
62.00 
55.50 
181.00 
59.30 
60.27 

* Wells installed by o 

Well 
Bottom 
Elevation 
rmsl) 

308.82 
316.29 
296.2A 
298.82 
292.86 
30A.37 
178.86 
277.93 
276.88 

thers prior 

Depth 
Top of 
Filter 

(Et) 

27.00 
26.00 
53.00 
55.50 
51.00 
A3.00 
16A.80 
29.00 
32.00 

to 1987 

Depth 
Top of 
Seal 
rft) 

25.00 
2A.00 
51.00 
53.50 
A9.00 
AO.OO 
160.70 
27.00 
30.00 

Ground 
Surface 
Elevation 
^msl) 

339.75 
349.29 
358.2A 
361.32 
351.89 
359.87 
359.86 
337.37 
337.15 

Elevati 
Top of 
Casing 
(msl) 

3A2.82 
351.62 
361.33 
363.A9 
35A.86 
359.87 
359.95 
337.23 
336.88 

// Well not installed 

on Well Screen 

Lgth 
(ft) 

5 
5 
5 
5 
5 
5 
10 
5 
5 

"From 

Slot 
Size 
(in) 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

top of 

. 

Material 
(tvpe) 

Stnls 
"Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 
Stnls 

casing 

Well 
Dia. 
(In) 

2 
2 
2 
2 
2 
2 
2 
2 
2 



Table 3-3 
Monitoring Well Construction Data, cont. 

.c-
UJ 

Well 

1* 
IA 
IB 
3 
A 
5 
6 
9 
10* 
11 
12* 
13* 
IA* 
15 
16 

• 17# 
19 
21 
23 
25 
27 
29 
31 
33 
35 
37 
39 
Al 
A3 

Well 
Material 

Galv. 
Galv. 
Galv. 
Galv. 
Galv, 
Galv, 
Galv, 
Galv, 
Galv, 
Galv, 
Galv, 
Galv, 
Galv, 
Galv, 
Galv, 
.... 

Galv, 
Galv, 
Galv, 
Galv/st 
Galv/st 
Galv/st 
Galv/st 
Galv/st 
Galv/st 
Galv/st 
Galv/st 
Galv/st 
Galv/st 

Filter 
Pack 
Tvpe 

Grvl 
Sand 
Sand 
Sand 
Sand 

. Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Grvl 
Grvl 
Sand 
Sand 

Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 

Annular 
^eal 
'i 

Grout 
Grout 
prout 
'Grout 
Grout 
Grout 
Grout 
Grout 
Grout 
Grout 
Grout 
Grout 
Grout 
Grout 
Grout 
> — 
Grout 
(prout 
Cjrout 
Grout 
Grout 
Grout 
Grout 
Grout 
(Grout 
Grout 
Crout 
Grout 
Grout 

Bentonite 
Seal 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Borehole 
Diameter 
(IN. ID) 

8.50 
8.50 
8.50 
8.50 

'8.50 
8.50 
8.50 
8.50 

Unknown 
8.50 
8.50 
8.50 
8.50 
8.50 
8.50 
8.50 
8.50 
8.50 
8.50 
10.25 
10.25 
10.25 
10.25 
10.25 
10.25 
10.25 
10.25 
10.25 
10.25 

Protective 
Casing 

(Tvoe III Well) 

Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Drilling 
Methods 

Comments 

H.S. 
H.S./Mud 
H.S. 
H.S./Mud 

H.S./Mud 
H.S. 

H.S. 

H.S. 
H.S./Mud 
H.S. 
H.S. 
H.S. 
H.S. 
H.S. 
H.S. 
H.S. 
H.S. 
H.S. 
H.S. 
H.S. 
H.S. 
H.S. 
H.S. 

* Wells installed by others prior to 1987 # Well not installed ^From top of casing 



Table 3-3 
Monitoring Well Construction Data, cont. 

WeU 

A5# 
A7 
A9 
51 

' 53 
55 
57 
58 
59 
61 

Well 
Material 

Stainless 
Stainless 
Stainless 
Stainless 
Stainless 
Stainless 
Stainless 
Stainless 
Stainless 
Stainless 

Filter 
Pack 
Tvoe 

Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 

Annular 
Seal 
'\-

Grout 
Girout 
Grout 
Grout 
drout 
Grout 
Grout 
Grout 
Girout 
brout 

Bentonite 
Seal 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Borehole 
Diameter 
(IN. ID) 

8.50 
8.50 
8.50 
8.50 
8.50 
8.50 
8.50 
10.25 
8.50 
8.50 

Protective 
Casing 

(Tvoe III Well) 

No 
No 
No 
No 
No 
No 
No 
Yes 
No 
No 

Drilling 
Methods 

Comments 

H.S. 
H.S. 
H.S. 
H.S. 
H.S. 
H.S. 
H.S. 
H.S./Mud 
H.S. 
H.S. 



Remedial Investigation Report 
Collierville Site 
Revision B 
June 24, 1991 

Field Survey 

Upon completion of the field investigation, a point at the top of each weU was permanently 

marked and surveyed to estabUsh the location and elevation relative to mean datum by a 

Registered Tennessee Surveyor. Water levels throughout the investigation were measured 

from the permanent mark on the casing (as surveyed) to aid in the development of 

groundwater flow maps and the determination of casing volumes for sampling. 

WeU Development 

Dwelopment of the monitoring weUs began after the grout had set for a minimum of twenty 

four (24) hours. Each of the Phase n weUs that produced sufficient water for pumping were 

developed by utilizing a staiiUess steel Arch weU development pump attached to pneumatic 

controUer suppUed by bottied nitrogen. Slow aquifer recharge hindered pumping and 

additional development incorporated the use of dedicated Teflon hand baUers. Development 

continued untU groundwater turbidity was at a minimum (ranging from sUghtiy to moderately 

turbid). Insufficient recharge in the shaUow aquifer restricted complete development of some 

weUs. ShaUow weUs have been baUed dry on numerous occasions with Uttie change in 

conditions. MW-27 and MW-31 currentiy exhibit moderately turbid water. 

Gamma Logging of Monitoring Wells 

Upon completion of the field investigation, aU monitoring weUs at the CoUierviUe Site were 

gamma logged. The gamma logs were used in conjunction with the boring logs to provide 
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a more complete description of the subsurface geology. Logging data is summarized in 

Section 5. 

3.3 Groundwater Samples 

During aU phases of the RI, groundwater samples were coUected from aU weUs both old and 

new on the CoUierviUe Site that produced sufficient groundwater for sampling. 

AdditionaUy, aU existing site monitoring weUs were sampled once per quarter upon 

completion of four consecutive quarters of CLP volatiles and metals analyses. Subsequent 

analytical procedures for individual weUs included SW-846 methodologies for volatUes and 

metals. Table 3-4 indicates those weUs that were sampled throughout the RI quarterly 

sampUng events. Figure 3-2 is a facility layout that identifies aU on-site monitoring weUs. 

Groundwater samples were used to characterize the groundwater quaUty of each aquifer unit 

and identify potential migration pathways. Figure 3-3 locates aU off-site monitoring weUs 

instaUed during Phase HI. 

During each quarterly sampling event, a groundwater level was measured and recorded for 

eachvweUi," These measurements were then converted to^^ 

(mean sea level). Calculations were made from groundwater levels to estabUsh casing 

volumes. Prior to coUection of groundwater samples, each weU was purged of a minimum 

of three casing volumes, or was baUed dry. These procedures were implemented to ensure 

fresh groundwater recharge for sample coUection. Water quaUty parameters (pH, 

temperature, and conductivity measurements) were recorded beginning in the December 1990 
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Table 3-4 
QUARTERLY SAMPLING EVENTS 

MW-1 

MW-IA 

MW-IB 

MW-3 

MW-4 

MW-5 

MW-6 

MW-9 

MW-10 

MW-11 

MW-12 

MW-13 

MW-14 

MW-15' 

MW-16 

MW-19 

MW-21 

MW-23 

Dec. 
1989 

Sampled 

Diy 

Sampled 

Sampled 

Sampled 

Sampled 

Sampled 

Dry 

Sampled 

Dry 

Sampled 

Sao^led 

Sampled 

Dry 

Sanq)led 

Dry 

Sampled 

Sampled 

April 
1990 

Sampled 

Dry 

Sampled 

Sampled 

Sampled 

Saii:q>led 

Sampled 

Dry 

Sampled 

Dry 

Sair^led 

Sampled 

Sampled 

Diy 

Sampled 

San^ied 

Sampled 

.Sampled 

August 
1990 

Sampled 

Dry 

Sampled 

Sampled 

Sampled 

Sampled 

Sampled 

Dry 

Sampled 

Dry 

Sampled 

Sampled 

Sampled 

Dty 

San^led 

Sampled 

Sampled 

Sampled 

Nov, 
1990 

Sampled 

Dry 

Sampled 

Sampled 

Sampled 

Sampled 

Sampled 

Dry 

Sanq>led 

Dry 

Sampled 

Sampled 

Sampled 

Dry 

Sampled 

Sampled 

NRS 

Sanq)led 

Feb, 
1991 

Sampled 

Dry 

Sampled 

Sampled 

Sanq)led 

Sampled 

Sampled 

Diy 

Saiiq)led 

Dry 

San^led 

Sampled 

Sampled 

Diy 

Sampled 

Sampled 

NRS 

Sampled 

April 
1991 

Sampled 

Dry 

Sampled 

Sampled 

Sampled 

Sampled 

Sampled 

Dry 

Sampled 

Dry 

Sanq)led 

Sampled 

Sampled 

Sampled 

•Sanqjled 

Sampled 

NRS 

Sampled 

August 
1991 

Sampled 

Dry 

Sampled 

Dry 

Sampled 

Sampled 

Sampled 

Dry 

Sampled 

Dry 

Sampled 

Sampled 

Sampled 

Dry 

Sampled 

Sampled 

NRS 

Sampled 
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Table 3-4 (Cont.) 
QUARTERLY SAMPLING EVENTS 

MW-25 

MW-27 

MW-29 

MW-31 

MW-33 

MW-35 

MW-37 

MW-39 

MW-41 

MW-43 

MW-47 

MW-49 

MW-51 

MW-53 

MW-55 

MW-57 

MW-58 

MW-59 

MW-61 

Dec, 
1989 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

. N l ' ••••:•; 

^NI 

NI 

NI 

NI 

NI 

April 
1990 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

/Nir'--";-;' 

NI •••.-. 

NI 

NI 

NI 

NI 

August 
1990 

Dry 

Sampled 

Sampled 

Sampled 

Dry 

Sampled 

Sampled 

Sampled 

Dry. 

Dry 

NI 

NI 

NI 

• ' . M r - • : • • • • 

NI 

NI 

NI 

.NI 

NI 

Nov, 
1990 

Dry 

San^led 

Sampled 

Sampled 

San:q}led 

Sampled 

Sampled 

Sampled 

Dry 

Dry 

NI 

NI 

NI 

NI 

• N I - • ^;.:;. 

NI 

NI 

NI 

NI 

Feb, 
1991 

Dry 

Sampled 

Sampled 

Sampled 

Sampled 

Sampled 

San^led 

SaD:q)led 

Dry 

Dry 

NI 

NI 

NI 

NI 

. NI:. • 

NI 

NI 

NI 

NI 

April 
1991 

Dry 

Sampled 

Sampled 

Sampled 

Dry 

Sanqiled 

Sampled 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Diy 

Sampled 

Saiiq)led 

Saiiq)led 

San^led 

August 
1991 

Dry 

Sampled 

Sampled 

Sampled 

San^iled 

Sampled 

Sampled 

San^led 

Diy 

Dry 

Sampled 

Dry 

Dry 

Sampled 

Diy 

Sampled 

Sampled 

Sampled 

Sanq)led 

Note: Upon four (4) consecutive quarters of CLP analyses, reduced analytical protocols were implemented. 
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quarterly sampling event when sufficient groundwater was avaUable. Bailing, sampUng, and 

water level measurement procedures adhered to those guidelines set forth in the Region TV 

EPA SOP/QA Manual. 

Samples were coUected throughout the field investigation utilizing the foUowing equipment: 

Deep WeUs: 

Dedicated weU pumps 

QED Model T1200 Stainless Steel Pump with Teflon™ Bladder and Stainless 

Steel Inlet Screen; utilizing 3/8" Teflon™ coated tubing attached to a 

portable Pneumatic ControUer. 

ShaUow WeUs: 

Dedicated BaUers 

Teflon™ construction with Molded Caps and _ Threadless Joints; 

attached to a section of Teflon™ coated Stainless Steel Wire. 

Phase I 

During Phase I of the Remedial Investigation and the associated quarterly sampling event, 

groundwater/samplessweresplanned for: coUection froni-a^^ 

consisting of ten (10) shaUow and eight (8) deep monitoring weUs. In accordance with the 

EPA approved Sampling Plan, groundwater samples were coUected only from those weUs 

with sufficient recharge and analyzed for fuU CLP TCL/TAL constituents. 
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Phase n 

During Phase n of the RI and associated quarterly sampling events, groundwater samples 

were coUected from aU monitoring weUs. Twelve (12) shaUow weUs completed in the fluvial 

terrace deposits, and eight (8) deep weUs completed in the Memphis Sands. Eight (8) shaUow 

weUs had insufficient recharge for sampling. In addition, foUowing completion of Phase n 

weU instaUation activities, three remote weUs were avaUable for sampling to estabUsh and 

further characterize background water quaUty ( Section 7). Phase n samples were analyzed 

under CLP procedures for confirmed site constituents only. 

Phase m 

During Phase HI of the RI and the subsequent quarterly sampling event, groundwater 

samples were coUected from aU monitoring weUs which had sufficient recharge for sampling. 

A total of twenty-nine (29) shaUow weUs were completed in the fluvial terrace deposits, and 

nine (9) deep weUs were completed in the Memphis Sands. Phase HI samples were analyzed 

under CLP procedures for confirmed site constituents only. 

3.4. Sampling Protocol ;* 

Containers 

AU sample containers suppUed to EnSafe for the Phase I and Phase n field activities were 

precleaned by CompuChem Laboratories, Inc. in accordance with procedures specified in 
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the CompuChem Standard Operating Procedures for Glassware Preparation. AU sample 

containers suppUed to EnSafe for the Phase HI field activities and aU quarterly groundwater 

sampling events beginning in February of 1991 were precleaned by Pace Laboratories, Inc. 

in accordance with procedures specified in the Pace Quality tissurance Plan. 

Sample containers for soU samples included four (4) ounce wide mouth glass VOA jars and 

eight (8) ounce clear glass wide mouth jars. One thousand (1000) ml clear glass jars were 

also used for soU coUection during the Phase I investigation. Groundwater samples were 

coUected in forty (40) ml amber glass vials, five hundred (500) ml plastic, and one thousand 

(IOOO) ml glass jars. AU sample containers were equipped with Teflon™ lined Uds. 

Sample Preservation 

In accordance with the EPA approved Sampling Plan specified groundwater samples required 

the addition of chemical preservatives. Designated samples were preserved immediately 

foUowing coUection. Each sample was clearly identified on both the sample label and tag 

as to the type of preservative used. AU samples were chiUed to approximately 4 degrees 

centigrade prior, to and during shipment to the contract laboratory. 
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Sample Holding Times 

Individual laboratory analyses were to be performed within specified holding periods from 

the time of sample coUection. In order to meet these requirements, aU samples coUected at 

the CoUierviUe Site were shipped via ovemight deUvery service to the contract laboratory; 

however, due to laboratory backlogs beyond the control of Carrier or EnSafe, specified 

holding times were missed on various samples and are further detaUed in Section 4. 

Sample Handling 

Samples were handled as infrequently as possible foUowing coUection. Extreme care was 

taken to ensure that samples were not contaminated from extemal sources. A trip blank was 

included with each sample shipment and analyzed with the corresponding sample lot. 

All samples were shipped utilizing "sample savers" suppUed by the laboratories. These 

containers were designed to ensure maximum protection from handling and to maintain 

samples at 4 degrees C during shipment. 

Chain-of-rCustody 

To; assure' that the samples^were: maintained ih; a; safe; and reliable manner, a strictohaih-of- ^ 

custody procedure was implemented for aU samples coUected form the CoUierviUe Site. This 

was implemented in the field and carried out through the entire procedure. AU parties 

handling/packaging the samples signed the chain of custody form. The form then became a 

part of the pennanent record. 
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AuxiUary Data 

AuxiUary data relative to sample locations were coUected as close to sample coUection time 

as possible. AU auxiUary data was logged in bound field note books. These field records 

included aU information about weather conditions and other activities that occurred during 

sampling events. Boring logs were maintained for aU boreholes. Pumping rates and water 

level measurements were documented for aU events involving the sampling of monitoring 

weUs. In addition, the time of aU events involved in the investigation were recorded. 

3.5 Decontamination Procedures 

To prevent cross contamination during the Phase I RI/FS, aU equipment (sampling, drilling, 

mobilization, etc.) that was utilized during the investigation was decontaminated in 

accordance with the EPA Region IVSOP/QA Manual (SOP/QA Manual) dated April 1, 1986. 

AU decontamination procedures took place in a speciaUy constmcted contained area. The 

containment basin was large enough to decontaminate aU vehicles involved with the 

investigation of the ColUerviUe Site (drill rig, mobilization vehicles, etc.). AU waste water 

coUected in the containment basin was pumped into 55 gaUon steel dmms and managed in 

accordance with ;TDHE regulations. 
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AU sampling spoUs were containerized in 55 gaUon steel dmms. These wastes included 

auger spoUs from driUing and aU disposable sampling equipment. 

Sampling equipment such as the spUt spoon sampler, hoUow stem augers, and any other 

reusable equipment that were utilized during the investigation foUowed a seven step 

decontamination procedure. The procedure was as foUows: 

1) Equipment was washed thoroughly with laboratory detergent (Alquinox) 

utilizing a portable steam cleaner. Bmshes were used to remove encmsted 

soUs. 

2) Equipment was pressure washed thoroughly with hot top water. 

3) Equipment was rinsed thoroughly with deionized water. 

4) Equipment was rinsed twice with isopropanol. 

5) ^ Equipment was rinsed thoroughly with organic free water and aUowed to air 

dry. 

6) Equipment was wrapped with aluminum foU when stored or transported. 

Clean plastic was used for the augers, casings, etc... after the equipment air 

dried. 

7) Prion to arrival on site aU downhole-equipment was sandblasted: In; addition, 

two times during the investigation selected augers were sandblasted due to the 

presence of sand grains which appeared to have fused to the augers. The 

additional sandblasting was conducted after the instaUation of MW-25 on July 

24, 1991, and foUowing die instaUation of MW-37 on July 27, 1991. 
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Field rinsing solutions were kept in stainless steel containers designated specificaUy for that 

solution. Solutions were changed between each individual sample location. When each 

solution was changed, the used solution was poured into 55 gaUon steel dmms marked 

specificaUy for that waste or the containment basin adjacent to the decontamination pad. 

AU waste water was coUected during the decontamination procedure in a containment basin 

adjacent to the decontamination pad. Waste water was then pumped into DOT approved 55 

gaUon dmms for proper disposal. AU wastes were disposed of in accordance with aU 

appUcable federal and state laws. 

3.6 Analytical Procedures and QuaUty Assurance 

The EPA' approved (QuaUty Assurance Project Plan (QAPP) specified the analytical 

procedures for aU sample media, as weU as field and laboratory quaUty control. 

Extraordinary care in sample coUection was implemented to prevent the loss of contaminants 

due to volatilization. The QAPP fiirther specified adequate field and laboratory controls to 

estabUsh that aU criteria are met and are further detaUed in Section 4. 
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4.0 HAZARDOUS SUBSTANCES 

The Remedial Investigation approached the identification and quantification of hazardous 

substances on the ColUerviUe Site in three (3) phases. Phase I consisted of a series of test 

borings in various locations on the site with analysis of selected samples for the Contract 

Laboratory Program (CLP) Target Compound and Target Analyte List (TCL/TAL); and 

coUection of samples from pre-existing site monitoring weUs, and the adjacent city water 

weUs, with analysis of these samples for the same TCL/TAL compounds. This limited 

Phase I investigation was intended to estabUsh the vaUdity of prior studies which had 

suggested that trichloroethylene (TCE) and its degradation products were the site constituents 

of concem and to vaUdate the levels of TCE found in these prior investigations. Upon this 

vaUdation of prior data. Phases n and in were then conducted to fiU recognized data gaps 

at the Site. Site specific work, sampling, health and safety, and quaUty assurance project 

plans were prepared and approved by USEPA prior to startup of RI activities. AU activities 

were conducted in accordance with these plans. 

4.1? Stope oifPhase 1 -;Daita- yalidation;^Study^ , 

To ensure that data obtained in prior studies accurately represented Site conditions, a Data 

VaUdation Study was designed to confirm prior Site data. The study had three specific 

objectives: 
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1) EstabUsh a Site Constituents List for the RI. Prior studies had assumed that TCE and 

its degradation products were the only Site constituents. To test this assumption, aU 

soU and water samples coUected in the Data VaUdation Study were analyzed for the 

CLP Target Compound and Target Analyte List. 

2) Determine the acceptabiUty of prior Site data for use in the RI. Prior studies had 

UtUized non-CLP analytical methods and were not implemented with an EPA 

approved (QuaUty Assurance Project Plan (QAPP). 

3) Detennine whether a field screening method developed for use in prior studies was 

sufficiently accurate and precise to be used in the RI. 

Soil Sampling 

Four borings were instaUed on the Site during the Phase 1 Data VaUdation Study. One 

boring was placed in each of the three suspected source areas. The fourth boring was placed 

in an area determined likely to be free of contamination by previous investigations. SpUt 

spoon samples were coUected at eight foot intervals during drilling and sampling was 

terminated upon reaching,:the Jackson Clay confining stratum. These borings, idra 

Borings 37 through 40, are located as shown on Figure 3-1 in the previous section. 

The 24 soU samples obtained were spUt and analyzed by two different methods. One spUt 

of each sample was analyzed for target compounds and analytes using CLP protocols. The 

other spUt was analyzed by the field screening method. [This field screening method 

employs a co-distillation technique foUowed by GC analysis and is approved for chlorinated 

59 



Remedial Investigation Report 
Collierville Site 
Revision B 
June 24, 1991 

solvent analysis by the U.S. Food and Dmg Administration. It is fiiUy described in the 

ColUerviUe Site QuaUty Assurance Project Plan and in the Data VaUdation Study Report. 

Its primary advantage is the abiUty to obtain data within a few hours of sample coUection.] 

Groundwater Sampling 

AU preexisting site monitoring weUs capable of producing sufficient sample for analysis were 

sampled during the Phase 1 work elements. This prbduced 13 groundwater samples from 

the Site. In addition, raw water was sampled from two municipal weUs adjacent to the site 

(east and west weUs). These samples were spUt for analysis. One spUt was analyzed using 

CLP methods for the fiiU Target Compound and Analyte List whUe the other spUt was 

analyzed by EPA Method 624, which has typicaUy been used in the prior Site investigations. 

Iil some cases, monitoring weUs produced insufficient sample for fuU TCL/TAL analysis. 

A summary of weU sampling history is provided in Section 3, Table 3-4. In that event 

priority was given to volatUes because of the Site's TCE spiU history. Many of the shaUow 

weUs were baUed dry prior to sampling. The abiUty of the shaUow weUs to produce 

sufficient, sample quantity for analysis also varied with meteorologic conditions. Therefore, 

data; iŝ  availableyon ^ some; of: these: weUs in .the; winter; quarter/sampling * but: not? for^the 

summer quarter. Section 5 describes the aquifer characteristics which produce this variation 

in water recharge in the shaUow aquifer. 
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4.2 Results of Phase 1 - Data VaUdation Study 

SoU Data Comparison 

Boring 37 

Boring 37 was instaUed on the northem edge of the industrial plant in an area which previous 

investigators had assumed was not impacted by TCE. This boring was therefore intended 

to serve as a "background" for soU data and to confirm the assumption that the northem area 

of the property was not affected by TCE releases. The boring was advanced to 48 feet (to 

the top of the first confining layer). Samples were taken at 8 feet, 18 feet, 24 feet, 32 feet, 

40 feet, and 48 feet. Neither TCE nor its degradation products was detected in any sample 

at a detection Umit of 5 ppb. Both the CLP tests and the screening method tests were 

negative. No other volatUe organic contaminants were identified, excepting compounds with 

"B" notations. Semi-volatUes were not detected except for "J" noted bis(2-

ethylhexyl)phthalate. Pesticides and PCBs were also not detected. 

Boring 38 

Boring 38 was placed in an area identified from previous investigations as an area with 

elevatedtTCEin subsoUs. This Iwring iis neanfc^ 

main plant in the area impacted by the 1979 spiU of TCE. In previous investigations, TCE 

concentrations at the 10 foot level at Boring 9 were reported at 1,500,000 ppb. At 20 feet, 

TCE was reported at 6,300 ppb by the soU screening method. Boring 38 screening method 

data showed TCE at 10 feet to be 299,000 ppb. CLP data was 1,200,000 ppb at this depth. 

At lower depths, the CLP data was very low (1 to 6 ppb) whUe the screening method data 
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was 31-15100 ppb). The CLP data were also positive for 1,2-dichloroethylene (DCE). 

[Analyses for DCE were not performed in the screening method; therefore, a comparison 

caimot be made for DCE concentrations.] 

The CLP data was also positive for certain other volatUe hydrocarbons at the shaUow depth. 

These compounds, xylene, tetrachloroethylene, and 1,1,1-trichloroethane, were not found 

in any other samples. This is consistent, however, with the reported spiU of degreaser 

solvent which often contains smaU amounts of other solvents such as 1,1,1-trichloroethane 

and tetrachloroethylene. 

Boring 39 

Boring 39 was located on the east side of the property in the area impacted by a 1985 spiU 

of TCE. FoUowing that release, an investigation and remediation occurred which removed 

most of the TCE from soUs. Both CLP and screening methods data were positive for TCE, 

but at lower concentrations than were encountered at Boring 38. CLP concentrations ranged 

from 5 to 87 ppb. Screening method concentrations were 53 to 122 ppb. The CLP method 

also reported, trace DCE in two samples. 

Boring 40 

Boring 40 was placed in the old surface impoundment area previously investigated by 

Borings 17, 18, and 19. Samples from these borings were analyzed by the screening method 

in 1988, yielding TCE values at 18 feet of 10 - 930 ppb. At Boring 40, Uie screening 

method resulted in TCE of 114 at 18 feet. The CLP data showed no detectable TCE. At 

other depths, the screening procedure yielded higher concentration values than the CLP 
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Method, except for the bottom sample at which the CLP method reported 13,000 ppb and 

the screening method reported 1230 ppb. 

Table 4-1 summarizes the relationship between the screening procedure and the CLP 

procedure on soU samples. The screening method is clearly providing higher concentrations 

than the CLP method and is further yielding TCE positive data when the CLP method 

reports none detected. It appears however that there may be a correlation between the 

methods within the range of 50 to 500 ppb. It has been concluded therefore that historical 

data from screening method analysis of prior borings can be used to confirm the absence of 

TCE, but should be used only cautiously to confirm the presence of the compound. 

However, the screening method should continue to be used concurrentiy with the CLP 

method to estabUsh whether a relationship exists between the methods. 

Groundwater Data Comparison 

VaUdation of previous site groundwater monitoring data was assessed through concurrent 

analysis of spUt samples by both Contract Laboratory Program (CLP) Scope of Work and 

Method; 624 protocols. FundamentaUy, the two analytical procedures are identical. 

Differenceis in^results reflectveither variabUity in the spUt sample handling/analysis, or sUghf 

inter-method differences in administrative procedures. An example of the latter, and one 

likely explanation for discrepancy in higher level samples, is the required dUution of samples 

which saturate the instmment on first analysis. Under the CLP Statement of Work, the 

sample must be dUuted and reinjected untU response for the parameter in question is within 

instmment caUbration range. In the case of Method 624, a single "educated guess" dUution 
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TABLE 4-1 
COMPARISON OF SPLIT SOIL SAMPLES 

CODISTILLATION vs. EPA CLP SOW METHODS 

SAMPLE 
B37-1 
B37-2 
B37-3 
B37 4 
B37-5 
B37-6 
B38-1 
B38-2 
B38-3 
B38-4 
B38-5 
B38-6 
B39-1 
B39-2 
B39-3 
B39-4 
B39-5 
B39-6 
B40-1 
B40-2 
B40-3^ 
640^4 ' 
B40-5 
B40-6 

1,2 Dichloroethene (total) 
EPA CLP SOW 

FLAG VALUE/LIMIT 
BDL 6 
BDL 5 
BDL 5 
BDL 5 
BDL 5 
BDL 6 

200 
BDL 6 
BDL 6 
BDL 5 
BDL 14 
BDL 6 

18 
J 1 

BDL 6 
BDL 5 
BDL 5 
BDL 5 

14 
BDL 6 
BDL- ; 5 : 
BDL 5 
BDL 5 

J 6 

Trichloroethene, ppb 
EPA CLP SOW 

FLAG 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

D 
J 

BDL 
BDL 

J 
BDL 

BDL 
J 

BDL 
J 

BDL 
BDLk 
BDL 
BDL 

D 

VALUE/LIMIT 
6 
5 
5 
5 
5 
5 

1200000 
1 
6 
5 
3 
6 

30 
69 
87 

5 
5 
5 
6 
6 

. . 5... 
.. ;. 5-

5 
13000 

CODISTILLATION 
FLAG VALUE/LIMIT 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 
BDL 10 

299000 
326 

15100 
31 

270 
45 

118 
122 
93 
53 

117 
76 

1890 
- 114 

21.. 
'-.'' 37i 

80 
1230 
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is mn, with the estimate for the parameter calculated from the resulting response, 

irrespective of instmment caUbration. This is most Ukely to manifest itself as an 

underestimate in concentration of TCE if the concentration is higher than the highest standard 

used for the method (usuaUy 100 ppb for Method 624). 

Results of the spUt sample analyses for trichloroethylene and its apparent degradation 

products are summarized in Table 4-2. Table 4-2 also displays the result of a linear 

regression analysis ofthe samples, with (CLP) resuUs treated as the independent variable and 

Method 624 results as the complimentary dependent variable. The expected result is a linear 

correlation with slope of 1 and a smaU constant. The regressions shown in Table 4-2 were 

forced to use a constant of zero in calculating correlation coefficients, slope and standard 

errors of estimate. 

Regression of data sets for aU three primary volatUe constituents was calculated. In the case 

of total 1,2 dichloroethene, results were calculated with and without discarding the highest 

level sample, from monitoring weU 03. For 1,1 dichloroethene, it should be noted that both 

spUts from monitoring weU 21 required dUution and 1,1 dichloroethene was undetected at 

the reported^ l̂evels of 25 and;50 ppb; 

Although the sample sizes were relatively smaU, the resulting correlations and coefficients 

were good, with the expected outcome of underestimation with high concentration for 

Method 624. The results are graphicaUy presented in Figures 4-1, 4-2, and 4-3 for TCE, 

1,2 DCE, and 1,1 DCE respectively. 
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TABLE 4-2 
COMPARISON OF SPLIT GROUNDWATER SAMPLES 

METHOD 624 vs. EPA CLP SOW 

DATA AS RECIEVED 
POINT SAMPLE 

EC 122089EC 
MW01 12218901 
MW03 12198903 
MW16 12208916 
MW21 12208921 

EC 122089EC 
MW01 12218901 
MW03 12198903 
MW16 12208916 
MW21 12208921 

METHOD 
CLP 
CLP 
CLP 
CLP 
CLP 
624 
624 
624 
624 
624 

MATRIX 
WA 
WA 
WA 
WA 
WA 
WA 
WA 
WA 
WA 
WA 

DELETING HIGH CONCENTRATION OUTLIE 
POINT SAMPLE 

EC 122089EC 
MW01 12218901 
MW03 12198903 
MW16 12208916 
MW21 12208921 

EC 122089EC 
MW01 12218901 
MW03 12198903 
MW1,6 1220891 6L 
MW21 12208921 

METHOD 
CLP 
CLP 
CLP 
CLP 
CLP 
624 
624 
624 

.....624.'...v'. 
^ 624-

MATRIX 
WA 
WA 
WA 
WA 
WA 
WA 
WA 
WA 
WA 
WA ; 

COMPOUNDv ppb 
TCE 

39 
520 

4400 
1 

1800 
39 

520 
4000 

1 
1300 

1,2 DCE 
1 

78 
5300 

1 
290 

1 
78 

3600 
1 

240 

RS ; COMPOUND; p 
TCE 

39 
520 

4400 
1 

1800 
39 

520 
4000 

1 
T300 

1,2 DCE 
1 

78 
0 
1 

290 
1 

78 
0 
1 

. 2 4 0 

1,1 DCE 
1 
1 

• 7 

1 
50 

1 
1 
7 
1 

25 

mAA:AA-i^: 
1,1 DCE 

1 
1 
7 
1 
0 
1 
1 
7 
1 
0 

TC 

REGRESSION ANALYSIS: CLP DATA AS INDEPENDANT VARIABLE 

Regression Output: 
Constant 
Std Err of Y Est 
R Squared 
No, of Observations 
Degrees of Freedom 

X Coefficient(s) 
Std Err of Coeff, 

Least square's X: 
line: Y: 

DATA AS IS 
TCE 1,2 DCE 1 1,1 DCE 

0 0 0 
158,62103 24.84645 1.7843142 
0.9909282 0.999751 0.9705205 

5 5 5 
4 4 4 

0.8837001 0.679757 0.5101880 
0,0331672 0,004680 0,0353208 

4000 5000 50 
3534.8 3398.8 25.5 

DELETING HIGH CONCENTRATIONS 
TCE 1,2 DCE 1,1 DCE 

0 0 
6.49436091 0 

NOT 0.99609529 1 
NECESSARY 4 4 

3 3 

0.83922116 1 
0.02162553 0 

300 10 
251.8 10.0 
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FIGURE 4-1: EPA CLP SOW vs. METHOD 624 
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HistoricaUy, Method 624 analysis of Site monitoring weUs shows trends in these 

concentrations which agree with the recent CLP method "snapshot" of current 

concentrations. Tables showing historical monitoring weU data are included in Appendix D 

at the back of this report. 

The results of aU soU samples are located in Appendices B and G. Results of groundwater 

analyses are located in Appendix H. 

Phase 1 TCL/TAL analyses were evaluated in the Phase 1 report and accepted by EPA. 

SemivolatUes, pesticides, and PCBs were eliminated as potential Site constituents. 

4.3 Data QuaUty 

The overaU quaUty of soU and groundwater data associated with the sampling and analysis 

at the CoUierviUe Site is judged to be good and acceptable. Specific assessments of 

precision and accuracy are provided below. 

Cbmpletekidata ŝetS: have been::transmitted underseparate::Cover:;asrpartof!^montMy^progress& 

reporting on the site investigation and are not included here. 

Traffic Reports 

During Phase I samples were coUected and shipped over a five day sampling period 

(December 18-22, 1989) and processed by the laboratory in three sample groups. The third 

sample group consisting of samples coUected on December 22, 1989 ( MW12, MW13, 
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MW14, and a field blank) were delayed by Federal Express and the hoUdays and therefore 

not received in the laboratory untU December 27, 1990. Samples were however extracted 

and analyzed within holding time requirements. 

Phase n sampling met aU holding times specified in the QAPP except for the third quarter 

sampling of ground water during which three samples were held beyond aUowable holding 

times by the project laboratory, CompuChem Laboratories, Inc. As a result of this faUure 

and evidence that sample overloads would cause further faUures and lead to delays in 

obtaining data, the project laboratory was changed to Pace Laboratories for the third quarter 

groundwater sampling event. Samples that exceeded holding times were recoUected, and 

appear in Phase n Pace Laboratories groundwater data packages. 

Fourth quarter 1990 groundwater samples met holding time requirements with the exception 

of samples requiring reanalysis. These samples were found to contain high concentrations 

of TCE and/or 1,2-DCE, and as a result, missed holding times should not compromise data 

quaUty. 

First quarter!̂  199L:groundwater; samples met holdiri&;;timesi with the* exception;of one: (1);/ 

matrix spUce/matrix spUce dupUcate set (022101-07A MS/MSD). The sample had been 

preserved with HCI, and as a result, the data were accepted because analysis was performed 

within 14 days of coUection. 

AU Phase 3 soU samples (for which results have been received) met specified holding times. 
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Second quarter 1991 groundwater samples (for which results have been received) met 

holding times. A complete set of second quarter 1991 data was not avaUable at the time this 

document was issued. This data wiU be addressed in a subsequent Monthly Progress 

Report. 

Precision 

For each analytical method used to analyze environmental samples, the variation in reported 

results that might be due to random differences in the handling and analysis of that matrix 

is referred to as the precision or reproducibiUty of the analysis. To demonstrate 

reproducibiUty, the CLP Statement of Work specifies the addition of known quantities of 

several compounds (5 volatUe compounds and 11 semi-volatUe compounds) to two aUquots 

of each matrix type. These "spiked" aUquots are then to be analyzed using exactiy the same 

preparation and analytical methods as used for aU other samples of that matrix type, analyzed 

by that method. These spiked aUquots are referred to as matrix spike (MS) and matrix spike 

dupUcate (MSD). 

For the CoUierviUe Site sampling, matrix spikes and matrix spUce dupUcates were perfonned 

onrgroundwater-and soU using low method analyses: 

The groundwater volatUe MS and MSD results were generaUy good. The levels of TCE 

exceeded the multi-point range due to the high levels present in the original sample with the 

addition of the spike amount. Thus the MS/MSD data, although acceptable, is qualified. 

In the groundwater semi-volatUe analysis, the QC MS/MSD results were acceptable. 
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The soU analyses MS and MSD results also were generaUy good. However B38 was 

analyzed twice, once at low level and once at medium level. There are no medium level 

MS/MSD results due to the dUution required. 

AU fourth quarter 1990 groundwater MS and MSD results were within CLP guidelines. 

First quarter 1991 groundwater MS and MSD results were generaUy good. The %RPD 

values did not meet CLP criteria in two (2) samples from this set. For Sample 02891-37 

MS/MSD, the DCE RPD value was in excess of 14% (18%), and as a resuU, the MS/MSD 

data has been qualified. High TCE concentrations in the original sample led to RPD values 

above CLP standards for MS/MSD Sample 021991-19. The high TCE concentrations can 

be attributed to TCE levels (with spike additions) exceeding the multi-point range as 

previously discussed, and as a result, this MS/MSD data has been qualified. 

Second quarter 1991 groundwater MS and MSD results were generaUy good. The DCE 

RPD for one (1) MS/MSD set (Sample 042391-27) was above the acceptable value. As a 

result, the MS/MSD data has been quaUfied. Sample 041991CMW002 MS/MSD had four 

(4) RPD. values,outside control limits. The samples .within the set did not contain any of the 

target compounds,,.and as; a resiilty the data was accepted:;. 

Phase 3 soU analysis precision was generaUy good. One (1) RPD value for chlorobenzene 

was outside control limits. However, since no aromatic compounds were identified in soU 

samples in this set, the data have been accepted. 
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Accuracy 

Accuracy is the degree to which a given result agrees with a "tme" value. To check 

accuracy in TCL analyses, the CLP Statement of Work requires the addition of known 

amounts of "surrogate compounds", compounds not likely to be present in the field, to the 

sample. If, upon analysis of a sample, the concentrations determined for surrogate 

compounds are accurate (i.e., close to the known concentrations as defined to be within 

limits specified by the CLP Statement of Work), the concentrations determined for TCL 

compounds are judged to be accurate. 

Groundwater results exhibited several data accuracy problems which may be attributable to 

the high concentrations of specific analytes in the matrix. The Relative Percent Difference 

(RPD) value for TCE exceeded QC limits. In addition in the semi-volatUe analyses, 

recoveries of 2,4-dinitrotoliiene exceeded QC limits in the MS/MSD. Since no semi-volatUe 

compounds were found, an excessive recovery is not deemed consequential. However, the 

large RPD for TCE may reflect data variabiUty. The RPD for TCE was also exceeded in 

the analysis of B39 samples and B40 samples. 

VolatUe compoundi:SurrDgate>spike;recoveries were'within:co 

the foUowing groups: Fourth Quarter 1990-Groundwater, First Quarter 1991-Groundwater, 

Second Quarter 1991-Groundwater (partial set), and Phase 3 soU samples (partial set). As 

a result, aU data from these sampling events has been deemed accurate. Other QA/QC 

related items are discussed in the case narratives associated with the raw data packages which 

have been transmitted to EPA under separate cover during the RI. 
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External OuaUty Control 

Three soU samples were provided to the sampling team during sampling of soUs at the site. 

The samples were provided by the oversight contractor's representative and are presumed 

to contain known concentrations of specified parameters. Results are reported as B37-7, 

B37-8 and B49-11 to prevent the laboratory from recognizing the samples as "check" 

samples. Known or expected results have not been provided by EPA. Analytical results for 

B37-7 and B37-8 are shown in Appendix B. Analytical results for B49-11 are shown in 

Appendix G. 

EPA also provided "check samples" for groundwater analyses. The results of these samples 

are presented in Appendix H as Samples numbers 08159002, 0815902A, and 0815902B. 

Phase in "check samples" included MW57-13, 02219107, 02219107A, 02219107B, 

04249107, 04249107A, 04249107B. The analytical results have been included in Appendices 

G and H respectively. 

Inorganic Data OuaUty 

The inorganic (TAL) analyses for groundwater generaUy exhibited good analytical precision 

and accuracy. However, a number of soU samples showed problems related to poor 

reproducibiUty and inadequate recoveries. B37 and B39 TAL data are qualified with respect 

to zinc,, chromium, manganese, aluminum and.sodium,due to high RPDs. Arsenic and lead, 

are qualified as a result of poor recoveries on spikes;; 

The inorganic (TAL) analyses for groundwater samples coUected during the fourth quarter 

of 1990, and the first and second quarters of 1991 generaUy exhibited good analytical 

precision and accuracy. With few exceptions, any analytical problems were restricted to 

parameters that are not Confmned Site Constituents. In one (1) instance, spike recoveries 

were outside control limits for lead. Lead recovery was sUghtly below 75% (73%). One 
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(1) RPD value for lead was also outside control criteria, however, the associated samples 

were not found to contain lead above detection limits. As a result, the data was accepted. 

4.4 Blank Analysis 

Blank analyses provide an evaluation of decontamination procedure inadequacy, and the 

potential for sample cross-contamination. Blank analyses performed in conjunction with the 

Carrier CoUierviUe site were generaUy good. The most frequent volatUe compounds 

identified in field and rinsate blanks were methylene chloride, carbon disulfide, acetone, and 

2-Hexanone. These compounds have been attributed to laboratory artifacts. 

Tetrachloroethene was identified in a QC blanks; however, the tetrachloroethene appeared 

to be isolated to the blanks. As a result, the data associated with these blanks have been 

accepted. TCE was also identified in blanks. Sample TCE levels in associated data sets 

were generaUy weU above QC sample concentrations. As a result, the data have been 

accepted. 

Inorganic analytes identified in QC samples were generaUy unremarkable (with respect to 

Site constituents). Lead and/or zinc was identified in some field and rinsate blanks. Inmost 

instances, lead and zinc were ^so present in laboratory blanks, and as a result, the data have 

been qualified by the laboratory. Summaries of field and rinsate blank data are provided in 

Tables 4-3 and 4-4. 
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i . i^'- TABLB--4-3' .': 
SUMMARY OP PIELD BLANK DATA 

SAMPLING DATE/ID 

121989FB 

121989FB 

121989FB 

121989FB 

121989FB 

121989FB 

12i989FB 

121989FB 
• - - . 

121989FB 

121989FB 

121989FB 

LABPURE121989 

1 LABPURE121989 

COMPOUMD 

Methylene Chloride 

Toluene 

Calcium 

Copper 

Magnesium 

Iron 

Manganese 

Potassium 

Silver 

Vanadium 

Zinc 

Methylene Chloride 

Toluene 

COMCENTRATION 

2J 

3J 

26.9B 

8.2B 

97.2BE 

24.7B 

1.2B 

1300B 

5.8B 

4.2B 

23.4B 

2BJ 

2J 

»« «;» ^ mw :fA-syym:'mmm:yy9h yy'mm'y 
122089FB 

122089FB 

122089FB 

122089FB 

122089FB 

Calcium 

Iron 

Lead 

Vanadivim 

Zinc 

74.3 

110 

4.0 

2. IB 

13.4B 1 

ymm ii:iiiia«iM-a-̂ -'̂ :: mwm:miAtmryy *! 
122189FB 

122189FB 

122189FB 

122189FB 

122189FB 

122189FB 

122189FB 

122189FB 

Iron 

Lead 

Magnes itim 

Manganese 

Potassium 

Sodium 

Vanadium 

Zinc 

103 

2.7 

17 IBE 

5.3B 

4520B 

2190B 

6.6B 

3.5B 1 

«*-^B^i:mmyy-Mm'm«« :*.KiN 
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1 • • .. T A B L E . - 4 - 3 [•'• W . 
I SDMMARy OP P I B L D BLANK DATA | 

SAMPLING D A T E / I D 

122289FB 

122289FB 

122289FB 

122289FB 

122289FB 

122289FB 

COMPOUND 

M e t h y l e n e C h l o r i d e 

C h l o r o f o r m 

2 - B u t a n o n e 

P o t a s s i u m 

S o d i u m 

V a n a d i u m 

CONCENTRATION 

I J 

2 J 

3 J 

2720B 

1540B 

5 . OB 

AyyyAMymms ».:» ytSmmwAAyAM 
012390WS 

LABPURE012390 

M e t h y l e n e C h l o r i d e 

M e t h y l e n e C h l o r i d e 

4 J 

2J 1 

s yymmy%mv)m:..miym:yymy ysyGt'-ym-A 
051690FB 

051590FB 

051690FB 

Calc iv im 

I r o n 

Z i n c 

2 7 . 2B 

5 . 4 B 

8 . 7 B 

A affsiffi y i«Ksi« Aymi 
051790FB 

051790FB 

051790FB 

0 5 1 7 9 0 F B 

T o l u e n e 

C a l c i u m 

I r o n 

Z i n c 

I J 

3 4 . 3 B 

5 . 9 B 

13.7B 1 

y • m - ••• ^ V 

051890FB 

0 5 1 8 9 0 F B 

051890FB 

1 051890FB 

1 051890FB 

M e t h y l e n e C h l o r i d e 

T o l u e n e 

B a r i u m 

C a l c i u m 

Z i n c 

I J 

I J 

1 6 . 7 B 

4 5 . 5 B 

1 9 . OB 

p •:;:::?..:;:•:• AAmymyAAAAAyABmWAAlyAAAyAAAAAAAymAyl 

0 5 2 2 9 0 F B 

0 5 2 2 9 0 F B 

M e t h y l e n e C h l o r i d e 

T e t r a c h l o r o e t h e n e 

i j 

t 3 J 

iAAiAAAAtiAAlU^ 
1 052390FB M e t h y l e n e C h l o r i d e 3BJ 1 
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:if:!-;;;::il:5:i-g: 

SAMPLING DATE/ID 

052390FB 

052390FB 

052390FB 

052390FB 

052390FB 

COMPOUND 

Acetone 

Carbon Disulfide 

Chloroform 

Tetrachloroethene 

Toluene 

CONCENTRATION 

4J 

4J 

3J 

IJ 

4J 

*s3 I|:,r̂ :* a s *;as4«rs ««:;• ie.* :̂;*:-*, .̂-̂^ - ,: ' 
1 081590FB 

081590FB 

Arsenic 

Lead 

1.5B 

I.IB 

' 'yyx:m,i 
08169OFB 

1 081690FB 

081690FB 

081690FB 

Acetone 

Arsenic 

Chromium 

Lead 

7J 

2.7B 

9. OB 

1.2B 1 

:̂ .a;MfWS»S*Ŝ ^̂ ^̂ ^̂ ^ 
081790FB 

081790FB 

081790FB 

081790FB 

081790FB 

Methylene Chloride 

Carbon Disulfide 

Chromium 

Lead 

Zinc 

2J 

3J 

7. OB 

0.80B 

9.OB 

'vmyym:y « m;, :̂i.:s ::mm:mm.Ml 
082090FB 

082090FB 

082090FB 

082090FB 

Arsenic 

Lead 

Manganese 

Methylene Chloride 

6.8B 

1.9B 

4. OB 

IJ 

Atmy#«,» ymwA n -J 
082490FB 

1 082490FB 

0824P0FB 

1 082490FB 

Acetone 

Arsenic 

Iron 

Lead 

30B 1 

1.5B 

51.OB 

2.8B 
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• TABLE, ••-a-.. •• 
SUMMARY OP PIELD BLANK DATA 

SAMPLING DATE/ID COMPOUND CONCENTRATION 

hmAAmmAAAiiAAAWAAA^̂ ^ 
111390FB 

111390FB 

Lead 

Zinc 

0.60B 

6. OB 

ymmMmmmi 
111490FB 

111490FB 

111490FB 

111490FB 

111490FB 

Lead 

Zinc 

Methylene Chloride 

Acetone 

Tetrachloroethene 

0.30 B ug/l 

5. OB 

2 J 

8BJ 

9 

.•:|:::;::::::::::;C:-i,!::;ii^ 

111590FB 

111590FB 

111590FB 

111590FB 

11159OFB 

111590FB 

Lead 

Zinc 

Methylene Chloride 

Acetone 

Chloroform 

2-Butanone 

0.60B 

22.0 

2J 

5BJ 

0.8 J 

3J 

:^- '̂-'yAA^-mmy y:.::ymmyAy'''-rw::^':'yr^'^ 
111690FB 

111690FB 

111690FB 

111690FB 

Lead 

Zinc 

Methylene Chloride 

Trichloroethene 

0.30B 

BDL (<4.5) 

2J 

3J 

y.:s ..;:yiiM t mrm-^f ym : •mi m m * m * . i ; : 
021891FB 

021891FB 

021891FB 

021891FB 

Lead 

Zinc 

Methylene Chloride 

Tetrachloroethene 

0.60U 

13. OB 

5J 

27 

y m i 
021991FB . 

021991FB 

Lead 

Zinc 

2. OB 

127 
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r • • • - T A B L B ' - 4 - 3 -. 
1 SUMMARY OP P I E L D BLANK DATA 

SAMPLING D A T E / I D 

021991FB 

021991FB 

022091FB 

022091FB 

COMPOUND 

M e t h y l e n e C h l o r i d e 

T e t r a c h l o r o e t h e n e 

Lead 

Z inc 

CONCENTRATION 

4J 

3J 

1.7B 

1 7 . OB 

lAA0'i.AAyAmAA$.;iAMmA^":A:^^^^ 
022191FB 

022191FB 

022191FB 

Lead 

Z inc 

Me thy l ene C h l o r i d e 

0.60U 

1 7 . OB 

5 J 

Aii AAAiAiAAAAiAlyAM'̂ A 
022291FB 

022291FB 

Lead 

Z inc 

0 . 6 0 J 

67.OE 1 

:v.:'^.:'iA ••••'•̂ K--siii:7-E.;b;̂ ^ A y A A 

0 4 1 9 9 1 F B M e t h y l e n e C h l o r i d e I J 

yAyAAMii A: '..•>• .Aii'AA:i:AyA:;: Al: • . 

042391FB A c e t o n e 1 2 B 

• ' • : " " • • ' y • : .•:•••• ..::'I"•;•>•.• ' : y : : A i - • .v?ij::.;0:::; ' ' y y . "!••:••}l- ' l - l : ;• : ; :• ; : : . ;• .• . • ; • - i l j : • • . - I v A • • •• • • : l A y y y A : A y A - : y i • • • V:'•'• • D-• ': • i i W ? ; • 

0 4 2 4 9 1 F B ND 

'̂ AAi MAmmAAi:My 1.:.;̂  isii;;̂,-*̂̂ ^̂̂ ^̂̂ ^̂̂ ^̂̂ ^̂̂ ^̂  
0 4 2 9 9 1 F B \ ND 

y;.;::;:,^;:/-;;:::::-: 

1 050191FB ND 

lAAAiMWAS^ 
( 6 2 4 ) 

1 1 1 1 4 9 0 - F B 

1 1 1 5 9 0 F B 

1 1 1 1 6 9 0 F B 

T e t r a c h l o r o e t h e n e 

T e t r a c h l o r o e t h a n e 

Carbon 
T e t r a c h l o r i d e 

1 
12 1 

2 . 3 

1 . 0 
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• TABLE'.'4-4 • 
SmaSXRY OP RINSATE DATA 

SAMPLING DATE/ID 

011790RS 

011790RS 

011790RS 

011790RS 

011790RS 

011790RS 

011790RS 

011790RS 

011790RS 

COMPOUND 

Barium 

Beryllium 

Calcium 

Cobalt 

Iron 

Lead 

Magnesium 

Vanaditom 

Zinc 

CONCENTRATION 

5. IB 

1.8B 

92. 5B 

5.8B 

12. 9B 

2.3B 

59. OB 

2.7B 

4.6B 

012290RS 

012290RS 

012290RS 

012290RS 

012290RS 

012290RS 

012290RS 

012290RS 

Methylene Chloride 

Barium 

Iron 

Magnesium 

Manganese 

Potassium 

Vanaditim 

Zinc 

2BJ 

3.3 

161 

194B 

1.2B 

2030B 

4.3B 

6. IB 

h y:<̂ y t l mmmmmmmmmm îw-iŵ ::¥%::«-̂ l 
071390RB 

071390RB 

071390RB 

Methylene Chloride 

Carbon Disulfide 

Tetrachloroethene 

I B J II 
8 4 E II 

9 1 
.:.. j«w«ii«i smm : «.ab:-::„i 

072490RB 

072490RB 

072490RB 

1' 072490RB 

Methylene Chloride 

Carbon Disulfide 

4-Methyl-2-
Pentanone 

Aluminum 

2BJ 

52 

2J 

129B 1 
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UiAAAAiAiAAAAAAiii,iTi.BiJiAmiAiiAAyyiiA 
kmyiiiAAiimAAiAiiAiAmmsyii^^aFii^^ 

SAMPLING DATE/ID 

072490RB 

072490RB 

072490RB 

072490RB 

072490RB 

072490RB 

072490RB 

COMPOUND 

C a l c i t i m 

M e t h y l e n e C h l o r i d e 

T e t r a c h l o r o e t h e n e 

I r o n 

M a n g a n e s e 

Sodivun 

Z i n c 

CONCENTRATION 

119B 

2BJ 

180 

6 6 . 9 B 

1 .2B 

703B 

1 3 . SB 

»•»«: ̂  li xm m i i« me: mus. m,m : ?!*::« m m 
072690RB 

072690RB 

072690RB 

072690RB 

1 072690RB 

Alvuninxim 

C a l c i u m 

I r o n 

L e a d 

Z i n c 

6 6 . OB 

7 3 . 2 B 

1 9 . 6B 

2 . I B 

1 5 . 2 B 

ym:'mmmyTim:m.ysxmmmA 
08019ORS 

080190RS 

C a r b o n D i s u l f i d e 

C h l o r o f o r m 

4 J 

I J 

CtS-.:.f-5 .-..;: 1 
080290RS 

0 8 0 2 9 0 R S 

: 0 8 0 2 a 0 R S 

080290RS 

080290RS 

080290RS 

1 080290RS 

M e t h y l e n e C h l o r i d e 

A c e t o n e 

A luminum 

C a l c i u m 

I r o n 

Sodivun 

Z i n c 

I B J 

4 B J 

8 8 . 2B 

6 0 . 2 B 

1 4 . 3B 

402B 

9 . 8 B 

{•w mm mm m m mm 
1 081790RS 

1 0817 9 ORS 

0 8 1 7 9 0 R S 

\ 0 8 1 7 9 0 R S 

M e t h y l e n e C h l o r i d e 

A c e t o n e 

C h l o r o f o r m 

T o l u e n e 

1 1 

9 1 

0 . 9 J 

2 J 
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I- :mmm.:yyAy ''m'yMAi:yyBuviiaiSY.: oFiJtii^Bxrkb^A^^^^:^^:^ 
SAMPLING DATE/ID 

081790RS 

081790RS 

081790RS 

COMPOUND 

Iron 

Lead 

Zinc 

CONCENTRATION 

116 

6.2 

82.0 

mmmm'ym:m:-l 
D82490RS 

082490RS 

082490RS 

082490RS 

082490RS 

082490RS 

082490RS 

082490RS 

Aluminum 

Arsenic 

Cadmitim 

Chromium 

Copper 

Iron 

Lead 

Cyanide 

36.OB 

1.2B 

3. OB 

8. OB 

8. OB 

75. OB 

2.4B 

9. OB 

m:::me::si 
111690RS 

111690RS 

111690RS 

Lead 

Zinc 

Methylene Cholride 

0.30B 

BDL (<4.5) 

2J 

Â AyimmAiAAyi.A''Â ^̂ ^̂ ^ mMAmmA^ 
021991RB 

021991RB 

Lead 

Zinc 

1.8B 

49.0 

ym :l»:Me«ite« sv, l»:««sri 
1 032291RB 

032291RB 

032291RB 

1 032291RB 

II 032291RB 

Lead 

Zinc 

Acetone 

2-Hexanone 

Tetrachlorethene 

0.60U 

89.0 

9J 

2J 

65 

r«::aitt»ii«:«ISmmmmmm,Pmimmmmmymmi 
1 032991RB 

0329„91RB 

1 032991RB 

Lead 

Zinc 

Acetone 

1.2B 

16. OB 

20 1 

82 



TABLE 4-4 
SUMMARY OF RINSATE DATA 

SAMPLING DATE/ID COMPOUND CONCENTRATION 

040191RB 
ND 

041291RD X Methylene Chloride SBJ 

041991RB 
ND 

Method 624 

111690RS 
ND 
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4.5 Site Constituents 

Tables 4-5 through 4-11 summarize the contaminants found in soU and groundwater on the 

CoUierviUe Site and other areas investigated as part of the RI. These data confirm the 

earUer assumption that trichloroethylene (TCE) and 1,2-dichloroethylene, total (DCE) are 

the Site constituents of concem. The data also show that zinc and lead are present in 

groundwater although the source of these metals has not been identified. Occasional positive 

values for methylene chloride, acetone, and other volatUes were observed; however, there 

are no Site conditions which could explain the existence of these compounds. These 

contaminants have been attributed to laboratory artifacts. 

The inorganic data for Phase I was less clear. The inorganic data for Borings 37 through 

40 appeared to be consistent with generaUy accepted background levels for metal species. 

(Fitchko, 1989). However values for lead and zinc in shaUow groundwater exhibited a wide 

range of values from near detection Umit to values which exceed MCLs. (Groundwater from 

deep weUs and the Town of ColUerviUe weUs did not show this range (Table 4-12). Metals 

in these weUs are generaUy low and/or near repprted background levels (Table 4-7 ). It has 

been;reported\that lead and zinc concentrations inishaUovî aqirifers:in^^^ 

this wide range. (Reference personal communication, Holland). The higher values may 

represent excessive soU leaching due to low pH groundwater or high values in soU generaUy. 

Groundwater pHs on the CoUierviUe Site range from 5.2 to 6.8 and the water has been 

reported as being very "aggressive." (Reference Layne Central report). These factors 

suggested that metals were not likely site constituents. However further data were needed 
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to defuiitely estabUsh whether the Site values were typical of "background" or a result of Site 

conditions. To achieve this additional data, three shaUow weUs were instaUed in offsite 

locations in CoUierviUe. These weUs are shown in Figure 3-2. Data from the three 

background weUs and onsite shaUow weUs are summarized in Table 4-13. FuU data tables 

for analysis of these weUs are located in Appendix H. 

Although zinc phosphate has been used on the Site and placed in the former surface 

impoundment, the data do not show a pattem of lead or zinc in association with TCE source 

areas nor is a pattem of contamination present. 

There are several possible explanations, discussed below, for the lead and zinc values noted 

in CoUierviUe Site data. However, due to the uncertainty associated with these metals, they 

are included as site constituents and are therefore evaluated in the Baseline Risk Assessment. 

In soUs, lead values range from 7 to 15 mg/kg in shaUow soUs. Average lead values 

decrease with depth in virtuaUy aU site soUs exc^t at the former lagoon area. Zinc values 

sh6w a simUar pattem. Thus lead and zinc soU concentrations may result form diverse 

anthropogenic sources unrelated to the TCE releases onsite. 
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Table 4-5 
Summary of Soil Contaminants (ug/kg) 

(All Phases) 

PARAMblER 

TRICHLOROETHYLENE 

1,2 DICHLOROETHENE 

TETRACHLOROETHENE 

1,1,2 TRICHLOROETHANE 

TOLUENE 

2 BUTANONE 

ACETONE 

LEAD(mg/kg) 

ZlNC(mgAfl) 

SAMPLING 
PERWO/ 
PHASE 

A a 

A U 

A a 

ALL 

A a 

A a 

A a 

A a 

A a 

SAMPLES 

56 

56 

56 

56 

56 

56 

56 

39 

39 

HTS 

8 

3 

1 

1 

4 

1 

3 

33 

26 

RANGE 

8-1,200,000 

14-200 

6 ^ 

12.35 

0.67-21.4 

3.3-77.8 

MEAN 

152000 

78 

11 

26 

40 

190 

26 

7 

33 

STANDARD 
DEVIATION 

420000 

110 

60 

13 

4 

15 

86 



TABLE 4-6 • 
Summary of Volatile Parameters (ug/liter) in 

On-Site Monitoring Wells 

Parameter 

TRICHLOROETHYLENE 

1,2-DICHLOROETHENE 

1,1-DICHLOROETHENE . 

1,1,1-TRICHLOROETHANE 

TETRACHLOROETHENE 

Sampling 
Period/ 
Phase 

12/89 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

12/89 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

11/90 

2/91 

4/91 

8/91 

12/89 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

12/89 

4/90 

8/90 

11/90 

2/91 

No. 
Samples 

15 

17 

20 

25 

23 

23 

25 

15 

17 

20 

25 

23 

23 

25 

25 

23 

23 

25 

15 

17 

20 

25 

23 

23 

25 

15 

17 

20 

25 

23 

No. 
Hits 

10 

10 

12 

13 

9 

11 

15 

7 

6 

8 

9 

9 

7 

7 

2 

1 

1 

1 

1 

0 

0 

1 

1 

2 

1 

0 

0 

0 

0 

1 

Range 
(ppb) 

38-4400, 

9-14000 

20-24000 

23-7300 

59-8700 

8-12500 

5-37000 

7-5300 

50-5400 

5-3900 

8-12000 

11-12000 

7.2-6900 

3-370 

9-14 

— 

— 

— 

135.2-824 

— 

Mean 
(ppb) 

1230 

2800 

3850 

1840 

2350 

4400 

3800 

1530 

2720 

830 

1480 

1560 

1200 

125 

12 

7.9 

4.75 

9 

44 

120 

32 

480 

69 

27 

Standard 
Deviation | 

1700 

4800 

6800 

2800 

3400 

— 

— 

2400 

2400 

1300 

4000 

3900 

— 

— 

4 

— 

— 

— 

— 
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' ^ ^ . r . ^ ^ ^ , ! • 

. ^ :":..•;•••..:•.:,:• .•••:̂ .. .•.:'.TABLE.4-6:. : 
: Surnmary of Volatile Parameters (ug/liter) in 

On-Site Monitoring Wells 

Parameter 

METHYLENE CHLORIDE 

ACETONE 

Sampling 
Period/ 
Phase 

12/89 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

12/89 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

No. 
Samples 

15 

17 

20 

25 

23 

23 

25 

15 

17 

20 

25 

23 

23 

25 

No. 
Hits 

0 

2 

0 

1 

2 

6 

7 

2 

6 

0 

1 

8 

4 

5 

Range 
(ppb) 

7-160 

27-35 

8-997 

3-11 

200-320 

12-860 

7.2-156 

3.2-790 

9.1-50 

Mean 
(ppb) 

85 

7 

31 

210 

6 

260 

450 

6 

45 

250 

24 

Standard 
Deviation 

110 

6 

— 

— 

160 

350 

60 

— 

a7A 



— 
•.:..-. ••'"TABLE-4-6. (cont.) • 

Parameter 

CARBON DISULFIDE 

VINYL CHLORIDE 

TOLUENE 

1,2-DICHLOROETHANE 

TRANS-1,3-DICHLOROPROPENE 

BROMODICHLOROMETHANE 

DIBROMODICHLOROMETHANE 

CIS-1,3-OICHLOROPROPENE 

BROMOCHLOROMETHANE 

Sampling 
Period/ 
Phase 

12/89 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

11/90 • 

2/91 

4/91 

8/91 

11/90 

4/91 

8/91 

2/91 

2/91 

4/91 

8/91 

2/91 

4/91 

2/91 

2/91 

No. 
Samples 

15 

17 

20 

25 

23 

23 

25 

25 

23 

23 

25 

25 

23 

25 

23 

23 

23 

25 

23 

23 

23 

23 

No. 
Hits 

0 

3 

0 

3 

2 

1 

1 

2 

1 

2 

0 

1 

0 

1 

. 1 

1 

0 

1 

1 

• 1 

" 1 ' : • : 

1 

Range 
(ppb) 

9-75 

7-58 

11-78 

— 

— 

1-5 

2.27-8.51 

— 

— 

— 

— 

— 

— 

. • - • • • . • • - • 

Mean 
(ppb) 

34 

24 

45 

17.1 

11 

3 

3.4 

5.5 

— 

5 

— 

7 

43 

46 

— 

7.4 

42 

824 

37 

48 

Standard 
Deviation 

36 

30 

50 

— 

— 

3 

— 

— 

— 

— 

— 

— 

— 

. 

1 
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Table 4-7 
Summary of Metals Results (ug/llter) in 

On-Site Monitoring Wells 

PARAMETER 

LEAD 

ZINC 

1 

SAMPLING 
PEROD/ 
PHASE 

12/89 

4/90 

8/90 

11/90 

2/91 

12/89 

4/90 

8/90 

11/90 

2/91 
! - .B 1 

SAMPLES 

15 

16 

20 

25 

26 

15 

16 

20 

25 

26 

# 
Has 

3 

9 

20 

21 

11 

14 

15 

19 

21 

24 

RANGE 

4-106 

2.4-152 

1.4-54.2 

1.1-278 

4.9-198 

^2-21900 

20.6-30300 

11-19800 

12-146,000 

10-30500 

MEAN 

42 

43 

19 

30 

50 

4010 

6800 

4840 

11650 

5600 

STANDARD 
DEVIAnON 

60 

60 

30 

70 

60 

6300 

10000 

5500 

32000 

8400 
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Table 4-8 
Summary of Groundwater Parameters (ug/liter) In 

Background Monitoring Wells 

PARAMETER 

LEAD 

ZINC 

SAMPUNG 
PERIOD/ 
PHASE 

8/90 

8/90 

# 
SAMPLES 

3 

3 

# 
HITS 

3 

3 

RANGE 

4.3-39.5 

5.0-1580 

MEAN 

22 

990 

STANDARD 
DEVIATION 

18 

860 

NOTE: No TCE, DCE, or vinyl chloride In any of (3) background monitoring wells 

Table 4-9 
Summary of Nonconnah Creek Sediment Sample 

Contaminant Parameters (mg/kg) 

PARAMEIbH 

LEAD 

ZINC 

SAMPUNG 
PBVOO/ 
PHASE 

6/90 

6/90 

# 
SAMPIES 

2 

2 

HTTS 

2 

2 

RANGE 

18.3-23.2 

29.3-50 

MEAN 

21 

40 

STANDARD 
DEVIAIION 

4 

15 

NOTE: No TCE, DCE, or vinyl chloride in TWO (2) SAMPLES 

Table 4-10 
Summary of Colllen/ille Municipal 

Well Water Results (ug/liter) 

PARAMETER 

TRICHLOROETHYLENE 

1,2 DICHLOROETHENE 

VINYL CHLORIDE 

LEAD 

ZINC 

a 

SAMPLMG 
PERKX}/ 
PHASE 

-8 /90 : 

11/90 

8/90 

11/90 

8/90 

11/90 

8/90 

11/90 

8/90 

11/90 

# 
SAMPIES 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

# 
HTS 

• • 3 - • ' ; 

2 

0 

0 

0 

0 

6 

1 

6 

5 

RANGE 

2-27 

34:45 

1.2-7.6 

10-272 

11-115 

MEAN 

.' 13--. 

40 

4 

3 

57 

56 

STANDARD 
DEVIATION 

'.13- -.- . 

8 

2 

96 

to 1 

90 



Table 4-11 
Summary of 

Private Well Water Sample Results (ug/liter) 

PARAMEIbH 

LEAD 

ZINC 

SAMPUNG 
PERKX)/ 
PHASE 

2/91 

2/91 

SAMPLES 

2 

2 

# 
Hn^ 

0 

2 

RANGE 

270-289 

MEAN 

280 

STANDARD 
DEVIAnON 

14 

NOTE: No TCE, DCE, or Vinyl chloride in ten (10) samples 5/90. No metals data. 
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TABLE 4-12 
COMPARISON OF LEAD AND ZINC VALUES 

COLLIERVILLE SITE DEEP WELLS 

lillllWELLTplil^j^ 

MW-1 

MW-1 

MW-4 

MW-6 

MW-10 

MW-12 

MW-14 

MW-16 

:jilili|:;|x^ 

SE OF PLANT 

SE OF PLANT 

SOUTH OF PLANT 

WEST OF PLANT 

EAST OF PLANT 

NORTH OF PLANT 

WEST OF PLANT 

SOUTH OF PLANT 

AiiAyiH/itiAA^i^ 
•iSm WmASM 

5.3 

2.4 8 

41.4 

2 U 

5.3 

2 U 

2 U 

2 U 

l i:^^-'-'i:^;-ziNCf:l..:;.:: ' '.^ 

'mAAmm-mmi 
212 

5120 

17500 

2800 

205 

24.9 

286 

3340 

NOTE: Data from May 16, 1990 sampling event 
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TABL£ 4JJ 
COMPARISON OF LEAD AND ZINC VALUES 

BACKGROUND V/ELLS AND SHALLOW SITE MONITORING WEIXS 

WEI J, IDENTIFICATION 

BACKGROUND WELL CWM.001 

BACKGROUND WEIX CWM-0Q2 

BACKGROUND WELL CWM-0Q3 

MW-3 

MW-S 

MW-13 

MW-W 

MW-21 

MW-23 

MW-27 

MW-29 

MW-31 

M W ^ . = 

MW^m./ -

MW-39 

.:-ii:iiiA>cAinfm 

mGHWAY 72 

SHELTON ROAD 

POWEULROAD 

BYHALIA ROAD 

SW SIDE OF PLANT 

NW SIDE OF PLANT 

SURFACE IMPOUNDMENT 

SURFACE IMPOUNDMENT 

NW SIDE OF BUILDING 

NE OF BYHALIA ROAD 

E OF BYHALIA ROAD 

SE OF BYHALIA ROAD 

SW OPA* BUILDING 

SW O F IMPOUNDMENT; 5 

W OF CITY WELL FIELD # 2 

4 3 

203 

39J 

7JJ 

22.5 

L5 

38Jt 

118 

54.2 

44 

9.4 

2LS 

8.7 

5.4 

5.9 

7.INC 

SJ) 

1580 

1380 

8430 

4890 

U 

19800 

9440 

14400 

4270 

5200 

1020 

776 

U7 '̂----. • 

390 

NOTE: Data firom Angost 1990 Mmpltng evcnL 
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In shaUow groundwater, there is a possible pattem associated with weU construction 

materials. Most site weUs are constructed using galvanized casings with stainless steel 

screens. Phase n weUs also have 10 foot staiiUess steel riser sections between the screen and 

casing. WeUs in which the water elevation is higher than the staiiUess portion generaUy 

show elevated lead and zinc. Condensation in these and aU weUs is also a mechanism by 

which zinc and lead may be leached from weU casings into groundwater being sampled. The 

possible leaching of lead and zinc from galvanized metal casings at the ColUerviUe Site may 

also correlate with groundwater pH values which are very low in shaUow groundwater and 

near neutral in the deep aquifer. The deep aquifer values for lead and zinc are very low. 

Tables 4-14 and 4-15 "provide a summary of soU lead and zinc data for four (4) on-site soU 

sampling locations and one (1) off-site background location. Data presented in Table 4-14 

show that soU lead concentrations varied widely between locations and sampling depths at 

each location. No pattem for soU lead contamination is indicated by these data. In addition, 

there are no known sources for lead contamination related to site activities. Therefore, soU 

lead levels observed on-site are a function of naturaUy occurring concentrations, and are not 

attributable to present or former site activities. 
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TABLE 4-14 
SOIL LEAD CONCENTRATIONS (mg/kg) 
ON-SITE VERSUS BACKGROUND SAMPLES 

t o 
Ut 

\ -

37 

38 

" 

40 

55 

Sampling Location 

Northeast of Plant 
approximately 125 'ft. 

South (center) jaf Plant 
approximately iB^^ft. 

Southeast Corner 6f 
Plant 

Middle of Former Lagoon 
Area 

Schilling Property 
(off-site) Background 

Depth Interval Mean Value 

1 Depth Interval Standard Deviation 

95% Confidence Interval 

Sample Depth Interval (interval x 5 feet=depth) | 

1 

11.0 

15.8 

11.9 

7.0 

15.1 

12.2 

3.5 

± 2.0 

2 

4.5 

8.7 

21.4 

6.1 

8.1 

9.8 

6.7 

± 5.9 

3 

22 

9.7 

5.9 

3.6 

6.9 

5.7 

2.9 

± 2.6 

4 

1.7 

1.7 

1.3 

2.1 

2.2 

1.8 

0.4 

± 0.3 

5 

1.6 

11.7 

1.5 

2.4 

2.1 

3.9 

4.4 

± 3.9 

6 

4.0 

5.8 

1.5 

14.6 

5.0 

6.2 

5.0 

± 4.4 

Note: The above referencied sample locations were used in order to assess soil lead concentrations 
throughout the entire profile. 



TABLE 4-15 
SOIL ZINC CONCENTRATIONS (mg/kg) 
ON-SITE VERSUS BACKGROUND SAMPLES 

vo 
(Jt 

Boring 

37 

38 

39 

40 

55 

Sampling Location 

Northeast of Plant ; 
approximately 125^ ft. 

South (center) of Plant 
approximately IS ft. 

Southeast Corner of 
Plant 

Middle of Former Lagoon 
Area 

Schilling Property 
(off-site) Background 

Depth Interval Mean Value 

Depth Interval Standard Deviation 

95% Confidence Interval 

Sample Depth Interval (interval x 5 feet=depth) | 

1 

20.2 

72.2 

77.8 

33.9 

53.2 

51.5 

24.5 

± 21.5 

2 

11.3 

31.4 

38.8 

11.7 

26.6 

24 

12.2 

± 10.7 

3 

15.3 

39.0 

18.6 

9.9 

22.9 

21.1 

11.1 

± 9.7 

4 

11.8 

4.5 

5.3 

9.5 

12.2 

8.7 

3.6 

± 3.1 

5 

17.2 

45.3 

10.8 

33.7 

8.6 

23.1 

15.8 

± 13.8 

6 

6.2 

44.7 

9.2 

48.1 

14.8 

24.6 

20.2 

± 17.7 
1 '1 

Notet The above referenced sample 
throughout the entire profil 

locations were used in order to assess soil zinc concentrations 
e. 
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SoU zinc concentrations are shown in Table 4rl5. As was the case with soU lead, no pattem 

of soU zinc contamination is indicated by the data. In areas where soU zinc concentrations 

regularly exceed the 95% confidence level for the mean (Boring 38), there is no reason to 

suspect that present or former site activities have contributed to soU zinc concentrations (no 

apparent source); As a result, soU zinc concentrations observed onsite have been attributed 

to naturaUy occurring soU zinc. 

4.6 Hazardous Substance Characteristics and Behavior 

The various chemical and physical properties of ColUerviUe Site constituents are shown in 

Table 4-16. These parameters provide an indication of environmental mobiUty of these 

compounds (Agency for Toxic Substance and Disease Registry, 1988). The relevance of 

these parameters is discussed below. 

Water solubiUty provides an indication of the potential for contamination of and migration 

in water. In particular the rate at which a chemical is leached wiU be dependent on its water 

solubiUty;:;The;water:;SolubiUties of the Site-jconstituents are; svifficientiĵ  high to pose? ai, 

potential threat to groundwater and surface water. SoU 

affinity wiU reduce mobiUty to TCE and DCE in water. The soU-water partition coefficient 

is used as a guage of such mobiUty, and can be experimentaUy estimated (see below). 

Vapor pressure provides an indication of the rate at which a chemical volatilizes from soU 

or water into the air and affects the rate of volatilization from soU and water matrices. 
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to 
00 

TABLE 4-16 
PHYSICAL AND CHEMICAL CHARACTERISTICS OF 

TRICHLOROETHVLENB AND DICHLOROKTHrLENE ISOMERS*-* 

FROPERn/fARAMETER' TRICHLOROETHYLENE 

Molecular Weight 131.5 

Solubility in Uater(S),Bg/l. 1100 

Vapor pressure (p,),torr 

Sedlnent/water partition. 

58 

coefficient (koe).iil/g 

Density (d), g/cm' 

Boiling point(BP),<>C 

Abs viscosity (v), cp 

Kin viscosity (v), cp 

Henry's Law Constant (H), 

atn-nVBol 

Vapor density, RVD 

Partition coefficient 
(log), octanol-water 

126 

1.46 

87 

0.57 

0.39 

0.0071 

1.27 

2.42 

Conversion Factors: 

Air 1 ng/m^ '=0.18 ppm 
1 ppn " 5.46 mg/m' 
Water 1 ppm (w/v) = 1 mg/L 

1.2-Cis-DICHLOROETHYLENE 

97,0 

800 

200 

NA 

1.28 

60 

0.48 

0.38 

0.0029 

1.62 

N/A 

1.2-trnns-PICHLQROETHYLENE 

97.0 

600 

326 

59 

1.26 

48 

0.40 

0.32 

0.072 

2.01 

N/A 

Identification Numbers for 
Trichloroethylene 
CAS Registry No: 79-01-6 
NIOSH RTECS No: KX4550000 
EPA Hazardous Waste No: U228 
OHM-TADS No: 7216931 
DOT/UN/NA/IMCO No: UN 1710 
National Cancer Institute NCI-C04546 

*- Agancy for Toxic Subatancaa and Dleeaaa Ragiatry (ATSOR), Toxicological 
Profile for Trichlbronthvlene. Draft 19SB. 

'- Varschueren, Karal.'"Handbook of Environmental Data on Organic Chemicals*, 2nd 
Bdition, Van Noatrand Reinhold-New York, 1983. 



TABLE 4-16 
PHYSICAL AND CHEMICAL CHARACTERISTICS OP 

TRICHLOROETHYLENE AND DICHLOROETHYLENE ISOMERS*' 

00 
Ikl 

PROPERTY/PARAMETER* TRICHLOROETHYLENE 

Molecular Weight . 131.5 

Solubility in Water(S),mg/l 1100 

Vapor pressure (po),torr. 58 

Sediment/water partition 
coefficient (koc),"l/g 

Density (d), g/cm^ 

Boiling point(BP),<>C 

Abs viscosity (v), cp 

Kin viscosity (v), cp 

Henry's Law Constant (H), 
atm-niVnol 

Vapor dens i ty , RVD 

P a r t i t i o n c o e f f i c i e n t 
( l o g ) , octanol-water 

C o n v e r s i o n F a c t o r s : 

A i r 1 mg/m' = 0 . 1 8 ppin 
1 ppm = 5 . 4 6 mg/m^ 
W a t e r 1 ppm (w/v ) = 1 mg/L 

126 

1. 

87 

0 

0 

0. 

1 

2 

46 

57 

.39 

0071 

27 

42 

1.2-cis-DICHL0R0ETHYTJ:NE 

97.0 

800 

200 

NA 

1.28 

60 

0.48 

0.38 

0.0029 

1.62 

N/A 

1.2- trans-DICHLOROETHYLENE 

97.0 

600 

326 

59 

1.26 

48 

0.40 

0.32 

0.072 

2.01 

N/A 

I d e n t i f i c a t i o n Numbers f o r 
T r i c h l o r o e t h y l e n e 
CAS R e g i s t r y No: 7 9 - 0 1 - 6 
NIOSH RTECS No: KX4550000 
EPA H a z a r d o u s W a s t e No: U228 
OHM-TADS No: 7216931 
DOT/UN/NA/IMCO No: UN 1710 
N a t i o n a l C a n c e r I n s t i t u t e NCI-C04546 

*- Agency f o r Toxic Sybatancea and Dlaeaae R e g i s t r y (ATSDR), T o x i c o l o g i c a l 
P r o f i l e for T r t c h l o r o e t h v l e n e . Draf t 1988. 

• - Verachueren , K a r e l . 'Handbook of Environmental Data on Organic Chemica l s" , 2nd 
E d i t i o n , Van Noatrahd Reinhold-New York, 1983. 



*- Agency for Toxic Substances and Disease Registry (ATSDR), Toxicological 
Profile for Trichloroethylene. Draft 1988. 

-̂ Verachueren, Karel. "Handbook of Environmental Data on Organic Chemicals", 2nd 
Edition, Van Nostrand Reinhold-New York, 1983. 
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High vapor pressures indicate high rates of volatilization. Vapor pressure is therefore a 

particularly important parameter at matrix interfaces such as soU/air, water/air, and 

waste/air. The ColUerviUe Site constituents have relatively high vapor pressures compared 

to water. 

Henry's law constant is the ratio of vapor pressure and water solubUity and is used to 

calculate the equUibrium contaminant concentrations in vapor vs water phases. Henry's law 

constants indicate the potential success of aeration as a remediation technique. 

The CoUierviUe Site constituents have high Henry's law constants indicating high potential 

for aeration. 

The octanol/water partition coefflcient is used to estimate bioconcentration in aquatic 

organisms. It is assumed that there is a linear relationship between the octanol/water 

partition coefficient and the uptake of chemicals by the Upid tissue of animal and human 

receptors. ColUerviUe Site constituents generaUy have low octanol/water partition 

coefficients, indicating a low potential for biologic uptake. 

The normalized distribution coefficient (k^ of a chemical is related to its water solubiUty 

and octanol/water partition coefficient. The k^ indicates the relative tendency of a chemical 

to bind to soUorgamc carbon. Cheinicals with high,distribution coefficients are relatively 

immobUe in the subsurface environment. However, they may stiU be easUy transported by 

air/vapor and water migration. By multiplying a specific chemical's kô  by the organic 

caibon factor of a soU, the partition coefficient (kj) of a chemical in a specific soU may be 

determined. The k̂  computed in this manner indicates the relative tendency of the chemical 

to bind to a particular soU matrix as opposed to remaining in the soU aqueous phase. 
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The soil/water partition coefficient relates equiUbrium concentration of constituents in a 

soU matrix in contact with water. Given that in the environment, water infiltration through 

soU pores is slow relative to constituent mass transfer, the equiUbrium relationship can be 

used to predict contaminant migration between phases. Soil/water partition coefficients are 

easUy determined for the soU characteristic of a site through laboratory experiments. 

SoU partition coefficients (KJ are influenced significantly by the organic carbon fraction of 

soUs. As a result, studies are currentiy in progress to determine whether sufficient organic 

carbon exists in Site soUs to make contaminant adsorption a significant factor in overaU 

attenuation. 
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5.0 HYDROGEOLOGIC INVESTIGATION 

The foUowing section addresses two areas of contamination - soUs and groundwater. The 

soU investigation consisted of a series of strategicaUy placed borings. The groundwater 

phase consisted ofthe instaUation and sampling of both shaUow (aUuvial) and deep (Memphis 

Sand) monitoring weUs. 

5.1 Sampling Objectives 

The RI Sampling Plan proposed to coUect and analyze soU and groundwater samples to 

further characterize the Site. Characterization included the foUowing objectives: 

1) to describe the geology and hydrogeology specific to the CoUiervUle Site; and, 

2) to determine the nature and extent of contamination in Site soUs and groundwater. 

5.2 Summary of the Field Investigation 

TTiree potential 4soiiTx»s of ^TCEcontamiiui^ 

discussed in Section 1.0: the 1979 spiU site southwest of the main plant; the 1985 spiU south 

of the plant office; and a third location, near the main plant; the former clarifier sludge 

impoundment. Possible additional locations of contamination were also considered during, 

the investigation. No additional source areas were defined. 
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To determine the areal extent of contamination and to coUect geological data on the site 

eighty-seven (87) soU borings have been performed. Forty (40) borings were completed as 

monitoring weUs, thirty seven (37) at the CoUierviUe Site and three (3) background weUs 

elsewhere within the ColUerviUe city limits. 

5.2.1 SoU Borings 

SoU borings were completed in multiple phases during the investigation, initiaUy forty eight 

(48) soU borings were instaUed near each of the three potential source sites (13 completed 

as monitoring weUs). 

The initial soU borings were driUed to a depth of 20 feet with samples coUected for TCE 

analysis at the surface and at 5 foot increments using a spUt spoon sampling device. Three 

borings (B-1, B-3, and B-26) were placed within the confines of the main plant faciUty. The 

remaining borings were sited in and near source areas and randomly west of buUding A and 

the southeast parking lot to achieve the investigation's objectives delineating the 

contaminated area. 

Later,borings,.were instaUed to the top of the underlying aquitard because of evidence from 

monitoring weUŝ that TCE had migrated to the first saturated TO 

were numbered B-21, B-24, B-26, B-27, B-30, B-36 through B-49. Plate 1 in the packet at 

the rear of this report identifies the locations of aU soU borings conducted during the 

investigation. 

In addition, permeabiUty tests were performed from core samples coUected of loess and the 

upper confining layer stratum. Samples were coUected utilizing thin waUed Shelby tubes 
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during the field investigation. The results of the permeabiUty tests ranged from a value of 

4.4 x 10-7 cm/sec. to 2.5 x 10-8 cm/sec and zire included in Appendix E. 

Values obtained are characteristic of low plasticity clays for the loess. Those Shelby tubes 

taken from the top of the Jackson-upper Claiborne are characteristic of high plasticity clays 

representative of the Jackson Formation. 

5.2.2 Monitoring Wells 

A groundwater monitoring system was instaUed at the CoUiervUle Site to faciUtate 

groundwater sampUng and water level measurements. The weU system at the Site consists 

of twenty eight (28) shaUow weUs screened in the shaUow aUuvium and nine (9) deeper weUs 

screened within the Memphis Sand (Figure 3-2). AU shaUow weUs are designated with odd 

numbers (i.e. MW-3). AU deep weUs are identifiable by even numbers (i.e. MW-4, except 

for weUs MW-l and MWIB which are screened within the Memphis sand). MW-IA is a 

shaUow weU. 

At seven locations, a shaUow weU and a deep weU have been nested or instaUed adjacent to 

one another in order to investigate differences in characteristics with depth. 

Deep monitoring weUs at die Site (MW-1, MW-10, MW-12, and MW-14) estabUshed the 

potential presence of two aquifer systems at the site (Weston, 1986). WeU nest MW-13 

(shaUow weU) and MW-14 (deep weU) indicated the presence of a perched water table in 

the fluvial deposits overlying the Jackson Fonnation separated from the major semi-confined 

aquifer system of the Memphis Sand unit. ShaUow weUs were instaUed to form nested pairs 

at locations MW-1, MW-10, and MW-12. The corresponding shaUow weUs are MW-IA, 
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MW-9, and MW-11 respectively. These weUs were used to evaluate the presence and 

quaUty of shaUow perched groundwater at the various locations at these sites. 

Early monitoring of deep weU MW-1 indicated the presence of TCE in the lower aquifer. 

In order to check the possibiUty that the installation of this pre-existing weU had created an 

avenue for contaminant migration, a second deep weU (MW-IB), screened at the same depth 

and placed within fifteen (15) feet was instaUed. MW-IB was instaUed foUowing those 

techniques outlined for the deep weUs as described in Section 3. The weU instaUation was 

designed to minimize the potential for creating cross contamination between the two aquifer 

systems. 

Since data from early groundwater analyses indicated the presence of TCE in the deep 

municipal weUs and shaUow MW-13, as weU as deep weU MW-1, weU nest MW-5 and 

MW-6 were instaUed along the southwest side of the plant. This location was selected 

since it is near the location of the 1979 TCE release. The deep weU (MW-6) would be 

sitiiated between two potential source areas and the municipal weUs. ShaUow weU (MW-5) 

would be near the 1979 spiU area. 

Water' level: from the deep weUs indicated that the deep groundwater flow direction was 

toward the northwest. For this reason, a weU nest consisting of shaUow weU MW-3 and 

deep weU MW-4 was instaUed at the southeast comer of the plant property. The initial 

purpose of this weU nest was to serve as an upgradient sampling location. 
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ShaUow weUs MW-19 and MW-21 were instaUed in the area of the closed sludge 

impoundment area which was located near the municipal weU field, about 240 feet south of 

the east municipal weU. These weUs were instaUed to investigate shaUow soU and 

groundwater conditions near the former surface impoundment site. No deep weUs were 

estabUshed in this area due to the positive levels of contamination present in MW-19 and 

MW-21. Proposed shaUow weU MW-17 was not instaUed because no saturated or moist 

zone was identified above the aquitard. MW-19 was instaUed as a sump set in the clay for 

coUection of groundwater. Recharge is minimal. 

In order to assess the extent of groundwater contamination to the northeast from the area of 

shaUow groundwater contamination found in weUs MW-5, MW-13, MW-19, and MW-21, 

an additional shaUow weU MW-23 was instaUed near the northwest comer of the plant 

buUding. WeU MW-15 was instaUed near the southwest comer of the plant area. This 

location is near contamination identified during the soU boring investigation. It is also 

potentiaUy downgradient of the shaUow perched aquifer area due west of the plant site. A 

deep weU (MW-16) originaUy planned to be nested with MW-15 was relocated to the 

extreme southwest comer of the fenced plant area, due to the elevated levels of TCE found 

in<MWTl5. . ; 

ShaUow weUs MW-25 through MW-43 instaUed during Phase n were placed to delineate 

both onsite and potential offsite migration as outlined in the objectives set forth in Section 

5.1. However, analytical results from the quarterly groundwater sampling events indicated 

TCE contamination in the shaUow aquifer east and west of the Site. 
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Phase in field activities were implemented to further delineate offsite contamination. As 

previously described, a series of nine additional weUs were instaUed, eight shaUow and one 

deep. Phase m also incorporated the Piper Industry and Schilling Farms water weUs 

(screened in the Memphis Sand). The weUs are east and west of the site respectively. The 

monitoring weU system estabUshed at the Carrier site as described above is the basis of the 

groundwater investigation conducted during the Remedial Investigation to assess the 

magnitude and extent of groundwater contamination at the site. 

Gamma Logging 

Upon completion of the ColUerviUe Site investigation aU monitoring weUs were gamma 

logged. When used in conjunction with boring logs, downhole geophysics (gamma logging) 

aid in providing a more complete description of subsurface geology. AU logging data are 

presented in Appendix F, and indicate varying levels of clay in the fluvial terrace deposits. 

There is also a distinct break in Uthology which identifies the Jackson confining layer in the 

deep weUs on site. 

5.2.3 Geophysical Survey 

DuringjthePhasein,field investigation a time domain electromagnetic (TDEM) survey was 

performed at the:" CoUierviUe Site (June 1991V Progress ReporQi TDEM is a; surface' 

geophysical method which measures the electrical resistivity ofthe subsurface Uthology. The 

survey conducted at the Site was limited to the open field west of the main plant due to 

surface interferences (i.e. fences, buUdings, buried utiUties). The objectives of the survey 

were to try to detennine the elevation and reUef of the top of the Jackson Clay layer and 

possibly determine the thickness and location of the "pinch-out" 

of the clay unit. 
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The results of the TDEM measurements were unsuccessful in determining a more definitive 

inteipretation of the stmcture of the clay surface. The accuracy of the survey was within 

-\-/-5 feet. However, a secondary interpretation of the siirvey noted that similar resistivities 

observed in the Jackson Uthology "shaUowed" to the south near Nonconnah Creek. Boring 

logs from monitoring weUs (MW-35 and MW-49) also substantiate a transition into a sandy 

clay to the south at a more shaUow interval. 

5.3 Physical Geology/Hydrogeology 

Section 2.0 on the regional geology states that the Carrier plant site occupies a tract of 

land adjacent to and including a portion of Noncoimah Creek. Results of the soU boring, 

gamma logging, and groundwater investigation indicate that the four major stratigraphic units 

previously described are also hydrostratigraphic units which characterize the local 

groundwater hydrology. The immediate stratigraphy of the study area consists of:. (1) 

loess, a homogeneous, non stratified deposit consisting piedominantiy of sUt with subordinate 

amounts of clay, (2) aUuvium, detrital deposits, predominantiy resulting from river action, 

including the sediments laid down in stream beds and fiood plains, (3) Jackson-upper 

Claibome, predonunantly montmoriUonite clays with lenticular beds of sUt, fine grained 

sand;'and;Ugnitev and (4)ithe MempUs Sandra thickibody of sandwith^^^^ 

varying horizons and some Ugnite. 

The Jackson Formation and Memphis Sand are both considered to be Eocene age deposits. 

A site specific hydrostratigraphic sequence is presented on Table 5-1 which was compUed 
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Table 5-1 

Localized Hydrostratigraphic Sequence 
for the Carrier Site 

System Series 

Quartemary Pleistocene 

Stratigraphic 
Group Unit Thickness 

Loess 16-30 

Hydrostratigraphic 
Significance 

Consisting of silty clay and clay 
silt with some fine sand. 
Principal surficial unit of the Gulf 
Coastal Plain. Tends to retard 
downward infiltration of water 
providing recharge to the fluvial 
deposits. 

Quartemary Pleistocene Ruvial 8-37 AQUIFER unit composed of sand 
with some gravel and little silt or 
clay. Thickness varies because of 
erosional surfaces at top and base. 
Localized perched water of limited 
quantity. 

Tertiary Eocene Claibome Jackson 
Formation 

0-85 

Memphis Sand 500-890 

AQUITARD consisting of clay, silty 
clay, and sandy clay deposits. 
Serves as the upper confining unit 
of the Memphis sand restricting the 
downward recharge.to;the aquifer: 

AQUIFER predominantly sand and 
isolated lenses of clay. Principal 
aquifer providing waterfor municipal 
and industrial supplies. 

Modified from: D.D. Graham and W.S. Parks, 1986, Potential for Leakage Among Principal Aquifers in the 
Memphis Area, Tennessee, U.S. Geological Survey, Water-Resources Investigations Report 85-4295, 46p. 
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from onsite boring logs, gamma logs, and regional pubUshed information. 

A deposit of loess or wind deposited sUt, ranging in thickness up to 30 feet, is the surficial 

material covering most of the site area. The loess deposit is weathered to varying degrees 

into clayey sUt and sUty clay material. This relatively fme particle-sized material is less able 

to transmit water through the smaU intergranular pores, and therefore the unit has a 

significantly lower hydrauUc conductivity than the coarser sand and gravel units. Having a 

low hydrauUc conductivity causes the strata to retard downward infiltration of water to the 

underlying formations. In the site area, the loess deposit is unsaturated and water 

movement through this vadose zone consists of infUtration and percolation of precipitation. 

The channel of Nonconnah Creek appears to have eroded through the loess deposits south 

of the site and into the underlying fluvial deposits. 

Surface elevation of Nonconnah Creek is about 324 feet, (msl) which is approximately the 

base of the loess deposits based on extrapolation of the geologic cross-section (Plate 2). The 

creek channel then appears to be incised into the lower fluvial deposits. 

Fluvial deposits at the site consist of sand with varying amounts of sUt and gravel. In the 

sitearea, these deposits vary in tWclmess from less thanlO feet to more then 35 feet. These 

are older aUuvial deposits from either present day streams (such as Nonconnah Creek) or 

paleo drainage systems. Groundwater has been encountered at the site in the lower portions 

of the fluvial deposits in localized areas. This groundwater is perched above the contact of 

the coarser grained fluvial deposits and the underlying clay of the Jackson Formation. Plate 

2 shows the presence of this perched groundwater zone. 
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In some areas, only a very smaU quantity of groundwater was encountered at the contact 

and the shaUow weUs transmitted insufficient water for sampUng (MW-IA, MW-9, MW-11, 

MW-15, MW-25, MW-33, MW-41, MW-43, MW-47, MW-49, MW-51, MW-53, and MW-

55). Other areas had several feet of perched water. Because the stratum is capable of 

transmitting groundwater and in fact contains groundwater, it is considered to be the 

uppermost aquifer unit at the site. The fluvial deposits, like the loess deposits, appear to be 

continuous throughout the area of investigation, although the thickness is variable. 

The Jackson Formation is the confining bed between the perched upper aquifer and the 

semi-confined Memphis Sand which is considered the lower aquifer at the site. This aquitard 

is composed predominantiy of clay and sUt with some sand. It ranges in thickness from 85 

feet at the northwest comer of the site to being absent near Nonconnah Creek as iUustrated 

in the geologic cross-section of the study area. This unit is composed of lenses and 

interfingered layers of relatively fine grained deposits. PermeabiUty tests described in 

Section 5.2.1 indicate that the formation contains clay rich zones with low hydrauUc 

conductivity. Therefore, the unit may restrict the vertical movement of water from the 

shaUow fluvial deposits to the Memphis Sand in areas where it is present with a competent 

thickness. (An aquifer pump test conducted at the site and described later indicates that the 

unitî s;;abiUty/,tO; restrict vertical- movementv may exhibit kx:alized deterioration.: The TDEM, 

survey also substantiated a gradual change in Uthology in the southem portion of the Site.) 

A stmcture contour map was generated from borings completed to the top of the Jackson 

Formation during the field investigation (Figure 5-1). The stmcture map reveals 
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a topographic high which underUes the northwest comer of the property in the vicinity of 

the former sludge impoundment area. The formation appears to slope almost radiaUy with 

a prominent downgradient direction toward the east-southeast and to the west. No borings 

were completed to the top of the confining layer in the area south of the former sludge area; 

therefore, stmctural changes which may or may not exist in this area are uncertain. 

The Memphis Sand aquifer is a thick sequence of relatively clean sand with varying amounts 

of gravel and occasional clay lenses. It is confined beneath the Jackson Formation in most 

of the site area where it exists under artesian conditions. However, where the Jackson 

Formation pinches out, the Memphis Sand unit has no conflning bed and becomes an 

unconfmed aquifer. The two water bearing strata can be seen to merge towards the 

southeastem Umit of the site investigation area from the cross sections in Figure 5-2 and 5-

2.1. 

5.4 Aquifer Characteristics 

Section 5.3 describes the potential for two distinct aquifer systems at the ColUerviUe Site. 

These aquifers are. the shaUpw water table aquifer which appears to be stratigraphicaUy 

associated with the; fluvial terrace deposits, and the MemphisfSiand'aquifer. 

5.4.1 Upper Aquifer 

Groundwater which is perched above the Jackson Formation in the sandy fluvial deposits 

beneath the site is referred to as the upper aquifer. This perched zone is limited in 
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saturated thickness to only a few feet or less. Recharge to the perched groundwater zone 

in this area is from infUtration of precipitation through the overlying loess and unsaturated 

fluvial deposits and is variable. Water level measurements coUected from the monitoring weUs 

which are screened at the interface of the Jackson Formation and the overlying fluvial 

deposits were used to constmct the water table contour map shown on Figure 5-3. The map 

indicates an area of water level elevation greater than 310 feet (msl) in most of the area west 

and northwest of the plant buUding. Water levels then decrease in elevation toward the 

southeast and northeast in a radial pattem from the area of higher hydrauUc head. HydrauUc 

gradients range from 0.01 ft./ft. between weUs MW-13 and MW-23 where flow is toward 

the northeast, to 0.05 ft./ft. at MW-5 based on the contour map which shows groundwater 

gradients to the southeast. The hydrauUc gradient between weUs MW-21 and MW-37 was 

calculated to be 0.02 ft./ft. to the south-southwest. 

Although no aquifer tests have been performed in the upper aquifer to date, groundwater 

velocities were estimated for this zone based on the calculated hydrauUc gradients and an 

assumed permeabiUty value. 

Groundwater velocity is calculated.using the foUowing equation. 

. . - • ' • • ( l ) - - :•,••• V = - ^ K i / h " ' ' 

Where: 

V = Horizontal velocity 

K = HydrauUc conductivity 

V = HydrauUc gnidient 

n = Effective porosity 
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Using the equation above with an assumed effective porosity of 25% (USGS, 1989) the 

groundwater velocity for flow toward the northeast in the upper aquifer is estimated to be 

about 5 feet per day. Groundwater velocity to the southeast in the area of MW-5 is 

estimated to be 27 feet per day. Groundwater flow to the southwest is estimated to be 11 

feet per day. These calculated groundwater velocities are relatively fast. However, field 

observations over a four year period have led us to postulate that the groundwater 

encountered in the upper aquifer may be perched and orUy present in localized depressions 

in the surface of the Jackson Formation with very Uttie lateral movement of water actuaUy 

occurring except during recharge periods. 

5.4.2 Lower Aquifer 

The major source of groundwater in the ColUerviUe area is the Memphis sand aquifer. 

Groundwater in this aquifer is aUegedly confmed under artesian conditions beneath the 

Jackson Formation clay. However, as iUustrated on Plate 2, where the Jackson Formation 

is absent, unconfined water table conditions exist. This occurs to the south and southeast 

of the site along Nonconnah Creek where aUuvial deposits from the creek, fluvial terrace 

deposits, and the Memphis sand unit aU become hydrauUcaUy interconnected. 

In order tb aissess the aquifer characteristics of the Memphis sand, a constant rate aquifer 

pumping test was performed. Since the municipal weU field is situated within the area of 

investigation, it was decided to use the municipal weUs in the test. The pumping was 

performed on the west municipal weU. The east municipal weU and monitoring weU MW-14 

were used as the primary observation weUs. Water levels in aU onsite weUs, were 

periodicaUy measured during the test. The complete report describing the aquifer test and 

results is presented in Appendix K, and is summarized below. 
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In preparation for the aquifer tests, the pumps in the municipal weUs were shut down so that 

the water levels could retum to natural conditions. Pressure transducers connected to data 

logging units were instaUed in the two municipal weUs and MW-14. Antecedent water level 

measurements were recorded hourly for a period of one week. The aquifer pumping test was 

then initiated and continued for approximately 48 hours. 

Static water level measurements from each of the monitoring weUs in the lower aquifer were 

coUected prior to pumping and were used to constmct a potentiometric contour map for the 

lower aquifer (Figure 5-4). The map indicates that groundwater movement in the Memphis 

Sand at the site is toward the northwest. Therefore, the municipal 

weU field is directiy downgradient of the Carrier plant. Water level measurements coUected 

from the same weUs during the aquifer test whUe a pumping stress was placed on the 

aquifer system indicate that pumping had no obvious effect on groundwater flow direction 

or gradients in the plant area. The only noted effect was a nearly uniform decrease in water 

levels of about 0.5 foot. This indicates that the entire site is within the cone of depression 

created in the Memphis Sand unit by the pumping of the municipal weUs. 

Antecedentywater leyelimeasurenients coUected prior^td the: aquifer •testst were; used-; to; 

evaluate daUy trends during non-pumping periods. These measurements have been graphed 

to iUustrate the water level trends concurrent with the aquifer tests (Figures 5-5 and 5-6). 

Each of the three graphs show the same general trends. There appears to be a sUght but 
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distinct semi-diumal fluctuation which can be observed on the graphs. This phenomenon 

could be attributed to earth tides which are reflected in the potentiometric water levels of 

some confmed aquifers. In conversation with Mr. WilUam Parks of the U.S.G.S. in 

Memphis, Mr. Parks reported that he had observed simUar trends in water levels of other 

weUs in Shelby County which penetrate into the Memphis Sand (Personal Communication). 

The earth tidal effects result from the attraction exerted on the earth by the moon and to a 

lesser extent, the sun. These earth tidal effects documented in other weUs appear as two 

daUy cycles of smaU magnitude fluctuations which occur about 50 minutes later each day. 

Antecedent water levels were also measured about the time of the new moon lunar phase. 

During times of new and fiiU moons, the tide-producing forces of the sun and the moon act 

in the same direction and the effect on water levels can be more pronounced. Another trend 

observed in the three antecedent water level graphs is a distinct rise in the water level which 

begins early AprU 17 and peaks on the aftemoon of AprU 18. Water levels then decline. 

The increase in water level was about 0.5 feet or more in each weU. This increase could 

be related to a change in barometric pressure, but is more Ukely to be a response to a 

precipitation event. Two major precipitation events occurred in AprU prior to the reported 

increase in water levels. On AprU 11, about 0.8 inches of rainfaU and 1.18 inches of rain 

on April 17, 1988, occurred in the vicinity of the site. If the rise in water levels seen on 

data from AprU.17 andvl8V19'88V is relatedvtprtheiainfiaU^of/^rU 17and 18; 1988 then^ 

recharge to the lower aquifer could be relatively rapid. 

Additional recharge to the lower aquifer is derived from leakage through the Jackson 

Formation to the upper aquifer. Analysis of the aquifer pumping test data (Appendix K) 

indicates that between 1,300 and 27,000 gaUons per day per acre could be leaking through 

the confining aquitard into the lower aquifer. 
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Groundwater levels had been contoured for the lower aquifer on the potentiometric contour 

map on Figure 5-4. From this contour map, the hydrauUc gradient was measured to be 

0.0017 ft/ft. Aquifer characteristics derived from the aquifer pumping test were as foUows: 

Transmissivity 
(gpd/ft) 

242,500 

Storage 
Coefficient 

(dimensionless) 

0.001-0.0001 

Vertical 
PermeabiUty 
of the Aquitard 

(gpd/ft2) 
0.03-0.62 

Horizontal 
PermeabiUty of 
The Memphis Sand 

(gpd/ft2) 
1,212.5 

Groundwater velocity in the lower aquifer can be calculated using equation (1) and the 

parameters derived from the aquifer test. The effective porosity is estimated to be 25 % for 

the aquifer. The groundwater velocity is calculated to be about 8 feet per day during 

non-pumping conditions. Flow velocities are not expected to differ from this value.during 

pumping of the municipal weUs except in the immediate vicinity of the weUs. The cone of 

depression which developed from pumping the aquifer at approximately 470 gaUons per 

minute was rather broad but not very deep, which is typical of formations with high 

transmissivity values. 

Recharge to the lower aquifer is predominantiy through infiltration of precipitation and 

surface water in areas where the aquifer is unconfined. Nonconnah Creek has a water level 

elevation of approximately 324 feet (msl). 

124 



Remedial Investigation Report 
Collierville Site 
Revision B 
June 24, 1991 

Water levels coUected from monitoring weUs in the upper and lower aquifers at the southem 

and southeastem portion of the Site are as foUows: 

WeU Elevation (msl) 

MW-3 
MW-4 
MW-15 
MW-16 
MW-33 
MW-35 
MW-59 
MW-61 

288 
285 
289 
285 
286 
308 
286 
286 

Since the Creek level is as much as 35 feet higher in elevation than water levels in the 

aquifers, it is an influent stream which probably suppUes significant recharge to the aquifer 

system. Furthermore, Nonconnah Creek may serve as a groundwater divide which further 

inhibits the migration of contaminants. 

5.4.3 Confining Layer 

Vertical hydrauUc conductivity values have been calculated for the site from data generated 

during the aquifer pumping test. PermeabUity tests performed on clay samples coUected 

from, the Jackson Formation confining strata indicate that the permeabiUty of the clay is in 

the rarige.of sl X 10-7 to Lx 10-8 cm/sec; However, vertical permeabiUty values derived 

from the Walton Leaky Artesian Aquifer pumping test analysis were calculated to be 2.9 x 

10-5 and 1.7 x 10-6 cm/sec for the two observation weUs. These values translate to 1,300 

to 27,000 gaUons per day per acre. Vertical hydrauUc gradients calculated for several weU 

nests both before and during the aquifer pumping test are presented in Appendix K. The 

value used for calculating the vertical leakage through the confining aquitard is 1.0 ft/ft. 

Using the parameter values for vertical hydrauUc conductivity and hydrauUc gradient and 
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an estimated value of 10% for the effective porosity of the confining clay in equation (I) for 

calculating flow velocity, the vertical flow velocity through the confining Jackson Formation 

is on the order of 0.04 to 0.83 feet per day. 

5.5 Nature and Extent of Contamination 

Results of the ColUerviUe Site Investigation show varying levels of TCE contamination on 

the property. Results from soU analyses suggest that the spiU areas and the clarifier sludge 

impoundment area may each be a contributing factor in the overaU contamination of the site. 

5.5.1 VolatUe Organics in SoU 

Results of trichloroethylene screening tests on soU samples coUected from the eighty seven 

(87) borings completed during the field activities are included in Appendix I. Figure 5-7 is 

an isocon map which graphicaUy displays trichloroethylene soU testing results in the vicinity 

of the plant. 

SoU samples coUected within the parameters of the spiU areas indicate a wide range of 

levels of contamination.r.Samples from this area ranged in levels from <.5 ppb up to 

r,550;000 ppb: The greatest concentrations^ (B-4iB-9i>B-21yand^^ 

areas more directiy associated with the 1979 degreaser spiU. The vertical extent of TCE 

contamination is variable throughout the site. Migration of contaminants downward is a 

direct result of soU permeabiUty in the vadose zone. SoU screening methods indicate that 
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many of the sample's concentration levels decrease with depth. However, there are samples 

which indicate an increase in concentrations as the zone of saturation in the shaUow aquifer 

is approached. 

Samples coUected from the sludge area (borings B-17, B-18, B-19, and B-40) aU confirm 

the presence of TCE in the subsurface soUs. Figure 5-8 is an isocon map which displays 

trichloroethylene soU testing results from that area. 

Anomalous values for TCE values were also identified in soU borings in outlying areas 

southeast of the plant (B-27, B-28, and B-30). These values are thought to be associated 

with exfiltration of contaminants from the sewer system near B-27 and losses to the ditch via 

stormwater near B-28. Levels of TCE in B-30 were detected at depth only, which is further 

supported by the lack of TCE in shaUow samples coUected from MW-31, MW-33, MW-59, 

andMW-6L 

Boring 29 also showed high levels of contamination during the Investigation. The source 

of contamination in this area is unknown but potentiaUy could have been from washdown 

fromthe 1979, spill incident. This area is included with the isocons on Figure 5-7. Tables 

5̂ 2 arid !5-3 summarize TCE concentrations from soUbbririgsicompleteddurm iand: 

Phase m of the investigation. 

To delineate the dimensions of the TCE-affected soUs in the former sludge area, a limited 

soU gas survey utilizing organic vapor readings in shaUow borings was performed. This 

survey is described below. 
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flTTi«« TABLE 5-2 
MOVTJnJS?3^°^ HIGHEST CONCENTRATIONS FROM 
MONITORING WELLS tJTILIZING PIELD SCREENING 

METHODOLOGIES 

TCE VALUE Mg/Xg 

10 

NONE DETECJTEP 

KONE DETECTED 

NONE DETECTED 

NONE DETECTED 

NONE DETECTED 

NONE DETECTED 

NONE DETECTED 

NONE DETECTED 

NONE DETECTED 

NONE DETECTED 

70 

NONE DETECTED 

NONE DETECTED 

NONE DETECTED 

NONE DETECTTED 

NONE DETECTED 

NONE DETECTED 

NONE DETECTED 

NONE DETECTED 

NONE DETECTED 

DEPTH INTERVAL FT. 
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1 TABLE 5-3 
i SUMMART OF HIGHEST TCB CONCENTRATIONS FROM 
1 SOIL BORINGS UTILIZING FIELD SCREENING 
1 METHODOLOGIES 

BORING 

Bl 

32 

B3 

II ^̂  
II ^̂  
II ^̂  
II ^̂  

B8 

II ^̂  
1 ^^° 

Bll 

B12 

B13 

1 B14 
1 B15 
1 B16 

1 ®^^ 
I' B18 

B19 

B20 

B21 

B22 

1 B23 
B24 

1 ^̂̂  
1 B26 
1 a 

1 B27 

TCE VALUE /xg/kg 

20 

2600 

40 

250,000 

1850 

20 

20 

50 

1,550,000 

10 

NONE DETECTED 

40 

NONE DETECTED 

10 

NOT ANALYZED 

30 

168,000 

16,000 

920 

NONE DETECTED 

20,000 

110 

NONE DETECTED 

NONE DETECTED 

NONE DETECTED 

440 

3,000 

DEPTH INTERVAL FT. 
20 

20 

10 

1.5 

20 

10 

5 

10 

10 

20 

'•A- ALL DEPTHS 

20 

ALL DEPTHS 

20 

ALL DEPTHS ̂  

10 

15 

5 

15 

ALL DEPTHS 

5 

1.5 

ALL DEPTHS 1 

ALL DTIPTHS 

ALL DEPTHS | 

20 

55 
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1 ••• • • T A B L E - 5 - 3 

1 SUMMARY OF HIGHEST TCB CONCENTRATIONS FROM 
1 SOIL BORINGS UTILIZING FIELD SCREENING 
.;.,; •..--• METHODOLOGIES ...-I 

BORIMG 

B28 

B29 

1 "̂̂° 
B31 

B32 

B33 

B34 

B35 

B36 

B37 

B38 

B39 

B40 

B41 

B42 

B43 

B44 

B45 

• .:•-; B 4 6 ' -

B47 

B48 

B49 

1 B51 
B53 

TCE VALUE Mg/lcg 

220 

5,800 

230 

5,800 

40 

NONE DETECTED: 

40 

22,000 

NONE DETECTED ; 

NONE:! EIETECTED: 

299,000 

122 

1,890 

NONE DETECTED 

10 

30 

20 

NONE DETECTED 

• • - • 9 0 ' - . -

10 

440 

170 

NONE DETECTED 

NONE DETECTED 

DEPTH INTERVAL FT. 

20 

1.5 

70 

0 

10 

: ALL DEPTHS^ 

20 1 
20 

; : :• \ : ALL DEP^^ 

••::•••:•.•• • • • • • • A L L . • D E P T H S : •• •' 

1 

10 

5 

ALL DEPTHS 

55 

10 

5 

ALL DEPTHS 

15 

40 

15 

45 

ATJ, DEPTHS 

ALL DEPTHS 

132 



Remedial Investigation Report 
Collieirville Site 
Revision B 
June 24, 1991 

SoU-Gas Survey 

To determine if any sludge or contaminated soU remained foUowing the sludge impoundment 

closure and removal of a layer of subsoU beneath it in 1980 additional soU samples were 

coUected. The results of this aspect of the investigation indicate high levels of 

trichloroethylene in the soU (Table 5-2, borings B-17 through B-19, and B40). In order to 

estabUsh the corresponding monitoring weUs with the old sludge area, a soU-gas survey was 

implemented to determine the approximate horizontal extent of contamination. 

Sampling results (Appendix I) show that the highest level of TCE contamination in this area 

was boring (B-17). B-17 was estabUshed as a grid centerpoint and a corresponding 

north-south and an east-west line passed through this point. Grid points were estabUshed at 

20 foot intervals and extended outward from the centerpoint for a distance of 100 feet. In 

addition, a boring was placed at the comer of each axis, at 45 degrees from B-17. At each 

point along the axis a borehole was instaUed to a depth of 15 feet. 

Immediately upon drilling each borehole, an organic vapor detector (hNu) was used to 

monitor organic vapors coming from the annulus of the borehole. These readings 

were. recorded,x;and,if a positive value, were obtained then;drilling proceeded as.scheduled. 

If a negative ^deflection or "O" value was obtained-then drilling' concluded along that, 

coordinate and began on an altemating axis. 

After drilling each borehole and obtaining an immediate organic vapor reading, the 

opening to the borehole was covered with clear plastic and anchored in place. After an 

elapsed period of not less than 24 hours, an additional reading was taken at each boring 

location. A smaU incision was made in the plastic covering the borehole opening, and 

133 



Remedial Investigation Report 
Collierville Site 
Revision B 
June 24, 1991 

accumulated vapors were again monitored using an organic vapor detector. Results from 

these readings were instmmental in determining the location of the lagoon area monitoring 

weUs. 

The results from the soU gas survey suggested that there were significant concentrations of 

TCE vapors in the soU in the former sludge placement area, and aUowed the location of this 

closed impoundment to be fiirther defined. 

5.5.2 VolatUe Organics in Groundwater 

Upon completion of the CoUierviUe site investigation a total of thirty seven (37) groundwater 

weUs were present at the site. Table 3-3 is a complete summary of aU weU constmction data 

from the Site. Samples were coUected from the deep weUs by dedicated pumps and the use 

of a Teflon baUer in the shaUow weUs. Sampling of the new weUs foUowed standard 

operating procedures identified in the EPA approved Sampling Plan and previously described 

in Section 3. Historical laboratory results beginning in September of 1987 through the 

present are included for aU monitoring weUs in Appendix D. Laboratory analyses completed 

during the RI are included in Appendices C and H. 

During eachisatapUng periody a groundwater ievd^ was'measured; and recoTded:̂ fô ^ 

weU. These measurements were converted to elevations relative to a set datum (mean sea 

level, msl). These measurements were later used to determine potentiometric surface maps 

included previously. 
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Concentrations of chlorinated hydrocarbons consisting primarily of trichloroethylene and 

1,2-dichloroethene have been reported in samples coUected from most of the monitoring 

weUs screened in the upper aquifer. Total chlorinated hydrocarbon (TCH) concentrations 

in these weUs range from 70 micrograms per Uter at weU MW-23 to 19,900 micrograms per 

Uter at weU MW-19 during the last RI sampling period in Febmary, 1991. AU weUs with 

elevated levels of TCE and its degradation products are outlined in Table 5-4. 

There are three distinct areas where high levels of contaminants were found in the uppermost 

aquifer during the investigation. WeU nest MW-3 and MW-4 were initiaUy instaUed for use 

as upgradient weUs. Their location was based on the data from previously instaUed weUs 

which indicated a northwest flow direction in the lower aquifer. During the investigation, 

it was found that MW-3 was actuaUy downgradient of the areas where TCE spiUs had 

occurred. Flow directions in the two aquifers were found to be virtuaUy opposite one 

another. 

WeU MW-31 southeast of MW-3 and across Byhalia Rd. indicates the presence of TCE and 

its degradation products in groundwater. This weU is southeast of where the Jackson clay 

pinches out at the Site. Even higher contaminant levels were recorded in samples from 

weUs^MW>19 î;andMW-̂ 2r. These iweUis are located in; theivieiii^ 

impoundment. In addition, weUs MW-37 and MW-39, southwest and west of the 

impoundment area have been impacted by chlorinated hydrocarbons. 
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TABLE 5-4 

l y j 

liiliiM^A. 
•AiAfi 

HW1 

NU1B 

MW3 

HtM 

MUS 

MW6 

MU10 

NU13 

HUU 

HU15 

NUI 9 

NU21 

MU23 

HU31 

HU35 

HU37 

HU39 

TrfchlorMthylene 

Sampling Quarter 

1 

680 

1100 

4400 

85 

42000 

2J 

3J 

140 

BDL 

NS 

NS 

18000 

63 

NI 

NI 

NI 

Nl 

2 

480 

1000 

9000 

9 

4900 

3J 

IJ 

160 

BOL 

NS 

14000 

680E 

79 

N! 

NI 

NI 

NI 

••" 5 

, 600 

820 

: i 5100 

-X"' 20 

6000 

3J 

BOL 

120 

BDL 

'•.• N S 

24000 

5400 

89 

170 

5BJ 

360 

3500 

4 

570 

710 

5900 

23 

5800 

BDL 

BOL 

110 

2J 

NS 

7300 

NRS 

120 

980 

840 

3400 

5 

840 

950 

250 

8700 

BDL 

BOL 

127 

BDL 

NS 

7700 

NRS 

59 

1100 

680E 

4400 

6 

250E 

1200 

^m:mmym.y 'i ̂ ^ f M pr i ^ thy i en«-;:: •:••:;• 

Sampling Quarter 

1 

62 

250 

5300 

9 

4800D 

BDL 

BDL 

BDL 

NS 

NS 

2900 

7 

NI 

NI 

NI 

Nl 

2 

50 

170 

4400 

15 

2400 

BDL 

BDL 

2J 

NS 

5400 

380E 

IJ 

Nl 

Nl 

Nl 

Nl 

3 

77 

250 

3900 

5 

610 

BDL 

BDL 

3J 

NS 

2100 

410 

4J 

36 

BOL 

BDL 

BOL 

4 

88 

270 

BDL 

BDL 

640 

BOL 

BDL 

3J 

BDL 

NS 

12000E 

NRS 

11 

230 

14J 

BDL 

5 

130 

300 

190 

1100 

BDL 

BDL 

BOL 

NS 

12000 

NRS 

11 

260 

36 

BDL 

6 

52 

160 

= = : NOTES: 
BDL - Below Detection Limit 
NS - Not Sampled (due to insufficient amount of groundwater in well) 
* - HU-15 Sampled in previous investigations 
NI - Not Installed (at time of sample event) 
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.|:||;;;;;|y:;:;:y 

llSil 
NU51 

MU53 

NU55 

MW57 

NWSB 

NUS9 

MU61 

:•:;;; :;;S:p-î;:.:|:̂S?-:;::;:|-̂^ • ' y y y . 

Saapl ing Quarter 

1 

NI 

NI 

NI 

Nl 

Nl 

NI 

NI 

2 

Nl 

Nl 

Nl 

NI 

NI 

NI 

NI 

3 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

A.^ 
''^'^^^^NI 

•••••••••. ^ ' N l 

Nl 

NI 

HI 

^ Nl 

NI 

5 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

6 

NS 

NS 

NS 

BDL 

NI 

BOL 

BDL 

7 

NS 

7 

NS 

22 

BDL 

BDL 

BDL 

D i ch I oroethy I ei w 

Sanpltng Quarter | 

1 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

2 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

3 

NI 

NI 

Nl 

NI 

NI 

NI 

NI 

4 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

5 

NI 

NI 

NI 

NI 

NI 

NI 

NI 

6 

NS 

NS 

NS 

BDL 

NI 

BDL 

BDL 

7 1 
NS 

BDL 

NS 

BDL 

BDL 

3J 

3J 1 

NOTES: 
BDL - Below Detection Limit 
NS - Not Sainpled (due to insufficient ainount of groundwater in well) 
* - MU-1S Sampled in previous investigations 
NI - Not Installed (at time of sairple eVent) 
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The highest recorded concentrations of TCE were found in a sample taken from MW-15 

during January 1988 when a concentration of 150,180 micrograms per Uter was detected. 

However, this groundwater sample is indicative of stagnant water conditions. Due to the 

virtuaUy non-existent recharge of the shaUow aquifer in this area, a sample of stagnant water 

was coUected. A localized area of contamination identified in the soU investigation is located 

upgradient of MW-15. WeU MW-15 could also be downgradient of the high perched water 

area west of the plant which appears to be contaminated based on data from weUs MW-5, 

MW-19, and MW-21. As described in Section 5.3 monitoring weUs MW-IA, MW-9, 

MWll, MW-15, MW-25, MW-33, MW-41, MW-43, MW-47, MW-49, MW-51, MW-53, 

and MW-55 were dry or recharged extremely slowly. Consequently, groundwater samples 

were not coUected from these weUs per the approved site Sampling and QAPP plans. 

Analytical data tabulated in Appendices C and H indicate that the only area where 

contamination was only found in the deep monitoring weUs MW-1, MW-IB, MW-4, and 

MW-6. WeU MW-4 is legated near the limit of where the Jackson Formation pinches out, 

and there is Uttie clay separating the upper and lower aquifers. 

The weU screen is set near the top of the aquifer at a depth of 73 to 83 feet. WeUs MW-1 

and MW-IB are located downgradient from MW-4sand:were:screened from abcmt 90 to 100 

feet. Monitoring weU 6 (MW-6) is screened at approximately 80 feet below ground stirface. 

At the tested concentrations of TCE in the aqueous phase in the Memphis Sand, there is not 

beUeved to be a density component for TCE-water movement; therefore, TCE is not beUeved 

to be at a depth beneath the screenetl intervals of the corresponding deep weUs. 
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The other area where contaminants were found in groundwater from the lower aquifer was 

in samples taken from the municipal weUs. A summary of analytical results from samples 

coUected from the municipal weUs is presented in Section 4. The east municipal weU is 

screened at a depth of 278 to 298 feet below ground surface. The west is screened from 

241 to 281 feet below ground surface. These screens are more than 100 feet below the base 

of the Jackson Formation and confining clay. 

Samples coUected from other deep weUs have not been found to contain chlorinated 

hydrocarbons. 

5.5.3 Inorganics in Groundwater 

Two metals were identified as possible site constituents at the ColUerviUe Site. These were 

lead and zinc (Section 4). The selection of these metals was done primarily because values 

for metals are elevated in the shaUow aquifer. However no pattem of contamination or 

metals source area has been defined in- the RI. The old lagoon area may be a potential 

source of zinc due to the use of zinc phosphate on the site and the tUscharge of zinc 

phosphate sludges to the lagoon. However the closure of the lagoon in 1980 appears to have 

removed these sluclges and residual concentrations are low. 

ShaUow groundwater may be infiuenced by low pH values which leach otherwise insoluble 

metal complexes into groundwater and/or by the use of galvanized casings in monitoring 

weUs. 

The RI data do not indicate a groundwater contamination plume associated with these metals. 
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5.6 Fate and Transport Mechanisms 

There have been three documented sources of chlorinated hydnx;arbon contamination at the 

CoUierviUe Site as described in Section 1. Residual contaminants from these source areas 

are StiU present in specific areas as indicated by the isocon maps presented in Section 5.5. 

Furthermore, TCE and its degradation products have been identified in groundwater. 

Groundwater contamination has been identified at the CoUierviUe Site in close proximity to 

the 1979 SpiU site and the former sludge impoundment in the shaUow aquifer and within the 

Memphis Sand aquifer. The mechanics for migration of TCE from the source areas to the 

aquifers are dependent upon solvent specific characteristics, site specific geology and 

hydrogeology. 

Groundwater parameters identified during the Phase HI sampling event substantiate that the 

greatest portion of TCE mass is tied up as soU bound contaminants. Total organic carbons 

(TOC) at the CoUierviUe site are low, which would indicate that adsorption to site soUs 

would have a Umited impact on overaU TCE fate and transport. TOC values coUected 

during Phase m of the RI from MW-47 at the 14-16 and 34-36 foot intervals are 692, and 

1160 mg/kg,dry weight, respectively. 

Water chemistry analysis results presented in Table 5-5 appear to be within the typical range 

for shaUow groundwater in Shelby County for each parameter. There are no apparent trends 

which would be incUcative of 9. significant alteration of site geobicjchemistry (as a result of 

TCE presence). 
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With respect to solvent characteristics, TCE has been characterized as an immiscible fluid 

with a density greater than that of water, and is classified as a dense non-aqueous-phase 

Uquid (DNAPL) (Ram, et al. 1990). Figure 5-9 iUustrates the possible mechanisms for 

movement of TCE in both soUs and groundwater as determined in the RI (Due to the 

immediate response and removal of soUs impacted from the 1985 spiU, the spiU area has not 

been included in Figure 5-9). 
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Table 5-S 
Collierville Site 

Groundwater Parameters 

P A R A M E T E R : 

Biocheaiical Oxygen 

D e m a n d ( B O P ) (S-day) / • 

"^'og/ii-\my"ym\.^m'-'-
Tota l IQeldahl Nitrogen: 'lr-

' • f ^ i ^ : ' ^ . ' . . . : ] ' : ! -

'.Nitxatc-ti^mg/AAyA,-. 

Nitrite-N mg/L 

Ammoniacal-N mg/L 

Phosphates (ortho) mg/L 

Sulfates mg/L 

DissoNed Oxygen mg/L 

pH 

Total Organic Caiton 
rag/L 

i SHALLOW WELLS 

liMw-osy:' 

<5 

< S 

1.0 

<.02 

<.05 

<.05 

6.1 

4.0 

7.24 

2.6 

.••\fW-13'':)^ 

<5 

<.5 

1.8 

<.02 

<.05 

<.05 

6.8 

9.0 

6.19 

2 J 

MW.29 ••:•' 

<5 

<.5 

1.2 

<.02 

1.8 

.06 

<.l 

4.3 

5.8 

2.9 

D E E P W E L L S 

M W - I B 

<5 

<-5 

2.2 

<.02 

<.05 

<.05 

<5 

3.9 

6.06 

2.0 

MW-4 

<5 

<.5 

.94 

<.02 

<.05 

<.05 

<5 

2.4 

6.26 

1.7 

MW-16 

<5 

< S 

2.0 

<.02 

<.05 

.33 

<5 

6.6 

5.84 

1.4 

Dissolved Metals (ttg/L) 

Alaminum. . 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium' 

Cobalt 

Coppier: 

Iron . 

Magnesium 

Mongaaese 

Nickel.. . 

Potassium 

. Slver^r 

Sodium 

Vanadiam 

ZiM ^ 

Lead.• 

ND 

176 

ND 

ND 

39400 

ND 

ND 

8.0: 

292 

8820 

61 

ND 

1460 

ND 

127000 

ND 

2030 

ND 

ND 

56 

ND 

ND 

5970 

ND 

ND 

5.0 

127 

24200 

5 

ND 

ND 

ND 

64400 

ND 

20 

ND 

195 

25 

M 

3.0 

6340 

9S 

6.4 

, 8 . 0 • • V 

97.7 

1720 

40 

8.6 

817 

8.1 

15900 

4.2 

7470 

1.0 

ND 

88 

ND 

ND 

7120 

ND 

ND 

5.0 , 

416 

1650 

201 

ND 

ND 

ND 

18400 

ND 

6140 

62.0 

ND 

35 

ND 

ND 

26800 

ND 

ND 

ND 

296 

4060 

25 

ND 

950 

ND 

30200 

ND 

3810 

ND 

ND 

26 

ND 

ND 

4150 

ND 

ND 

6.0 

341 

1310 

25 

ND 

ND 

ND 

14800 

ND 

4110 

80 

139 B 



SOUTHEAST N D R T H V t l l 

u 

> 
.J 

4 
U 
(4 

z 

z 

> 

!•. r 

360 

350 

340 

330 

320 

310 

:<»() 

390 

pan 

270 

260 

CQLLltlPVlLLE 
Cir i U'EUL 

5 250 
UJ 
_J 
I j l 

240' 

230' 

220 

210 

200 

190 

naucniK rwst r a 

FIGURE 5 - 9 

FftTE %. TRANSPORT MECHftNlSMS 

DVG DfcTE.10/09/90|DV& NAHE. CftRARTl 

140 



Remedial Investigation Report 
Collierville Site 
Revision B 
June 24, 1991 

Vadose Zone Migration 

SoU boring data demonstrate that TCE is migrating through the vadose zone. Residual 

solvent remains adsorbed within the pore space of the soU particles as TCE migrates 

through the soU. The total volume of fluid released may be stored in this "residiual 

saturation" phase in the vadose zone unless the soU retention capacity has been reached. The 

actual distance of downward migration of the fluid phase becomes dependent upon the 

quantity of material released, the soU retention capacity and the thickness ofthe vadose zone. 

Pure phase TCE was not encountered during the investigation, implying that soU retention 

capacities are not exceeded on the Site. It is unknown whether soU retention capacity may 

have been exceeded at the time of the releases.) 

Further migration of TCE from soUs occurs as vapor phase diffiision through soU pores and 

as downward migration in the dissolved aqueous phase. TCE vapors have a density greater 

than air and transport to the shaUow aquifer may be enhanced by density induced advection 

in the gas phase (Ram, et al 1990). At the ColUerviUe Site, TCE appears to be reaching 

groundwater in the dissolved aqueous phase from the infUtration and percolation of rainwater 

through the soUs and through difftision in the vapor phase. 

SKaiUow; Aquifter ;; 

Upon reaching groundwater, the further movement of TCE in the shaUow aquifer correlates 

closely with the stmcture of the underlying aquitard. Subsurface geological investigations 

at the CoUierviUe Site have tentatively identified a "stmctural high" (Figure 5-1) in the 

Jackson clay in the proximity of the former lagoon. The potentiometric surface map of the 

shaUow aquifer reveals groundwater in the shaUow aquifer moves radiaUy from this 
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subsurface feature. The Jackson formation grades from this "high" to the south toward 

Nonconnah Creek; to the southeast towards ByhaUa Road; to the north torwards Poplar 

Avenue; and there is evidence of a sUght grade to the west. 

Advective transport of contaminants in the aqueous phase from the former impoundment 

foUow natural groundwater flow directions at the site. Groundwater elevations measured in 

the field and subsequent calculations for flow indicate an average water velocity to the 

northeast and southeast at an average velocity of 16 ft/day. Groundwater velocity to the 

southwest and west was calculated to be approximately 11 ft/day. Flow velocities may be 

fiirther affected as shaUow movement continues along the clay surface where the hydrauUc 

gradient increases towards the east. 

There is evidence that groundwater in the upper aquifer may be under perched conditions. 

This is substantiated by the poor recharge to weUs MW-IA, MW-9, MW-11, MW-15, 

MW-25, and MW-43. Significant amounts of groundwater may be present in localized 

depressions with very Uttie lateral movement except during high recharge periods. However 

this movement is generaUy to the southeast, along the top of the Jackson Formation. It is 

also the, path of naigration for TCE released in the Main Plant area as weU as the likely 

destination of a portion of the TCE released from, the foimer surface impoundment. 

The stratigraphic investigation clearly indicates that shaUow groundwater movement to the 

south and east wiU eventuaUy migrate to an area in which the Memphis Sand aquifer and the 

shaUow aquifer unit are hydrauUcaUy connected. 
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Memphis Sand 

Flow direction in the Memphis Sand is northwest toward the municipal weU field. 

Contaminated groundwater from the shaUow unit may therefore be moving across the clay 

and acting as a point of recharge for the Memphis Sand aquifer. The movement of TCE in 

the Memphis Sand is expected to foUow the zone of influence of the pumping weUs at the 

City WeU Field. 

TCE contamination has been identified in the Memphis Sand in the southeast portion of the 

site (MW-1, MW-IB, and MW-4) and the northwest portion at the municipal weUs. 

The density of TCE in water at maximum water solubiUties of (less than 2g/L) is not likely 

to be sufficient to cause sinking of the plume (SchwiUe, 1988). Therefore, movement of 

the contaminants to the weU field wiU be more directiy dependent upon the pumping rates 

of the city weU system and the resulting drawdown effects on the Memphis Sand aquifer. 

Movement of TCE from the shaUow unit to the municipal weUs by migration to the area 

where the units are hydrauUcaUy connected is therefore a likely site migration mechanism. 

The results of the site iiiyestigation suggest that other pathways also exist... Regional geologicv 

data suggest that recharge through the Jackson clay is relatively low because of low 

permeabiUty across the unit. However, the aquifer pumping test conducted at the site 

indicated a potential for vertical leakage through this confining clay layer. The vertical 

leakage or recharge rates, as determined in the aquifer test, range from 0.9 to 18.8 gaUons 

per minute per acre. These rates suggest that leakage through the aquitard may be a 
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potential pathway for TCE to enter the Memphis Sand aquifer. Furthermore, vertical leakage 

may be faciUtated by sand lenses within the Jackson clay layer (Graham and Parks, 1986). 

A third potential pathway has not been confirmed but may also exist. It is possible that 

contaminated shaUow groundwater is moving downward along the City of CoUierviUe 

municipal weU casings into the lower aquifer. These weUs were driUed using rotary 

techniques. WeU instaUation procedures at the time did not require protective surface 

casings to seal off or protect shaUow aquifer systems. Personal communication with 

CoUierviUe city officials stated that weU constmction consisted of a gravel pack surrounding 

the weU casing to the ground surface. 

The instaUation of monitoring weU 39 (MW-39), which is located west of the former lagoon 

and the west city weU, has shown elevated levels of contamination in the groundwater. The 

potentiometric surface map for the shaUow aquifer indicates that shaUow groundwater may 

move westward from the stmctural high previously identified in the Jackson Formation 

(Section 5.3). Consequentiy, the west city weU would be in a direct path of shaUow 

groundwater movement. 
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6.0 TREATABILITY STUDY 

A treatabiUty study is underway at the location of the former surface impoundment, north 

and west of the manufacturing buUdings. The location of the system on the ColUerviUe Site 

is identified in Figure 1-2. Figure 6-1 depicts layout ofthe treatabUity system and extraction 

weUs. The objective of the study is to demonstrate the remediation of both soU and shaUow 

ground water at a source of trichloroethene contamination. 

An array of five (5), four (4) inch diameter stainless steel weUs were instaUed to recover 

contaminated groundwater in the shaUow aquifer and aUow gas extraction from the 

unsaturated soU. The weUs are screened from the top ofthe Jackson Clay formation through 

the lower 20 feet of the fluvial terrace deposits. The weUs are constmcted utilizing a twenty 

(20) foot section of 0.010 slot stainless steel screen attached to a section of stainless steel 

riser completed to ground surface. Individual weU locations were determined from the results 

of the soU gas survey described in Section 5.5 of this report. 

Within the arrangement of deeper weUs are four (4), two (2) inch diameter stainless steel 

weUs,. screened,from, approximately; 15 to 25 feet below gra(Ie. The wells are constmcted; 

with a ten (10) f(X)t section of 0!rO slot StaiiUess screfen attached to a section of stainless 

riser pipe to ground surface. 
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The shaUow weUs serve only as shaUow soU gas extraction points and do not house pumps. 

The shaUow weUs were instaUed due to the presence of a two (2) foot 

impermeable layer encountered at approximately twenty-five (25) feet that may serve as a 

short circuit to the underlying system. In addition, the shaUow system would be used to 

monitor the completeness and effectiveness ofthe gas extraction phase during the pUot study. 

6.1 System Design and Construction 

The equipment instaUed to study remedial treatabiUty is typical of current technology. A 

schematic of the process is reproduced as Figure 6-2. Process equipment is skid mounted 

on concrete pads. Extracted fluids are conducted within butt-welded double waUed 

polypropylene tubing in shaUow underground trenches to the processing skids. Above grade 

water bearing equipment is insulated, and exposed piping, the clarifier, and the towers are 

electric heat traced. The two surge tanks are currentiy fitted with 6 kUowatt immersion 

heaters.; 

Since the original constmction of the north remediation system the electrical system and 

stmctural components have been modified. The drawings attached herein do not represent 

as-buUt conditions. In addition, MW-21 has been incorporated into the treatment system. 
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6.1.1 Recovery WeUs and Pumps 

Bottom loading, pneumatic displacement pumps deUver groundwater to a rectangular clarifier 

tank which overflows to one of two surge tanks. Pump constmction is stainless steel and 

PTFE (Teflon). Motive force is suppUed by a 5 horsepower electric compressor at the skid. 

Pump cycles are actuated from control panel mounted pneumatic timers. WeU head 

solenoids stop air supply to pumps if a float switch does not sense Uquid level in the weU 

casing. 

Water is conducted from weU pumps to the treatment system via a manifold of polypropylene 

tubing contained within a second, 4 inch diameter polypropylene pipe. 

AU connections are heat-welded. If free pnxluct (trichloroethene) is detected in the clarifier, 

the system halts operation. The clarifier is instaUed to coUect and remove sediment from 

recovered groundwater to avoid fouling stripping column packing. 

6.1.2 Air Stripper Columns 

Water flows by gravity from the clarifier into the first surge tank, and is pumped to the top 

of a.xl2, inch diameter ran<lom packed stripping tower. Packing is 1. inch nominal,diameter 

Jaeger Trq)acks~;loa(ied to a;tbed; height of T6feetl-The-watenis actually circul^^ 

the tower at a design rate of 10 gaUoiis per minute (gpm) to attain proper Uquid loading in 

the packing bed. A 2 1/2 horsepower blower provides 167 cubic feet per minute 

countercurrent air flow in the 12 foot packing section, resulting in a volumetric air to water 

ratio of about 125. 
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Water is bled off the first tower discharge at the rate of 40 gaUons per day (0.028 gpm) to 

a second identical surge tank/stripper tower arrangement. Water is discharged from the 

stream which circulates the second stripping tower to a PVC drain to the sanitary sewer. 

6.1.3 SoU Gas Extraction System 

Vapor recovery weUs are connected to the central skid by a manifold of 2 inch polypropylene 

pipes. The deep and shaUow weUs are manifolded separately and each weU head has an 

isolation valve. The installation of a permanent vacuum source is currentiy underway. PUot 

operation of a single deep and a single shaUow weU were conducted to size a regenerative 

blower for fuU-scale treatabiUty at 250 cubic feet per minute and 40 inches of water vacuum. 

DetaUs of the pUot test are discussed in the foUowing section. 

6.2 Results of Initial Tests 

To date, the operation of the lag(X)n treatabiUty study equipment has been limited to brief 

periods of groundwater recovery and treatment (intermpted by equipment mjilfunctions), and 

a two-day pUot test for .vacuum extraction, 

6.2.1 Groundwater Recovery and Treatment 

The recovery weU and treatment system operate as designed. Yield of shaUow ground water 

has been minimal. However, removal of trichloroethylene from groundwater is nearly 

complete, as Table 6-1 iUustrates. 
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Table 6-1 
Surface Impoundment TreatabiUty Data 

.•'Saiiiplev-ipllilll^ 

Influent 

Effluent 

Trichloroethylene 
Atg/1 

680 

4 

Dichloroethylene 
>g/L 

<10 

<1 

6.2.2 SoU Gas Extraction 

A two day test of soU gas venting was conducted at RW-6 (a shaUow weU), and RW-4 

(deep). The test and results are provided in the Report of Soil Venting Pilot Test, North 

Remediation Site, hyyWestinghouse Groundwater Recovery (attached as i'^endix L). 

Results are summarized as foUows: 

6.2.2.1 

ShaUow weU:. initial TCE removal rate was 35 pounds per day at an appUed vacuum of 12 

inches Hg:.flRa(Uus;ofinfliience as measured) in ̂ surroundingweUs; was a b ^ 

6.2.2.2 

Deep weU: initial TCE removal rate was 1000 pounds per day (at 2.8 inches Hg) with a 

ratUus of influence exceeding 200 feet. Effects were also seen in the shaUow weU system. 

152 



Remedial Investigation Report 
Collierville Site 
Revision B 
June 24, 1991 

6.2.2.3 

Some indication of gas phase communication with the underlying aquifer was in evidence. 

During the shaUow weU venting test, pressures increased from sUghtly negative (vacuum) 

to positive in monitored weUs. One plausible explanation is a changing (local) level in the 

Memphis Sand aquifer due to starting or stopping of nearby Town of CoUierviUe production 

weUs. The production weUs were not closely monitored during the pUot tests. 

A 250-cubic foot per minute blower is currentiy being instaUed at the Lagoon Remediation 

System. It appears that deep weU venting wiU provide the best combination of TCE 

removal, areal influence, and vacuum stress requirements. 
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7.0 SURFACE WATER, BIOLOGICAL, AND AIR QUALITY INVESTIGATIONS 
AND GROUNDWATER USES 

A review of groundwater usage on and near the Site and the investigations of surface water, 

biological, and air impact for the ColUerviUe Site are described in this section of the RI 

report. 

7.1 Surface Water QuaUty Assessment 

The ColUerviUe Site contains one major surface water feature, Nonconnah Creek, which 

flows from east to west and passes through the southem portion of the Site. GeneraUy rain 

water on the site drains via overland flow, natural ditches, and man-made culverts to 

Nonconnah Creek. The portion of Noncoimah Creek on the Site is approximately MUe 25. 

Nonconnah Creek flows into the Mississippi River at Memphis. The Site portion of 

Nonconnah Creek is relatively undisturbed and has not been dredged or channelized. The 

USGS operates a flow recording station at MUe 17.3 of Nonconnah Creek. Data from this 

station, arê  summarizedi)eIow. (RrferenceUSGS;^ 84-1̂ ^̂  

Period of Records: 1959-1964, 1969, 1970-1984 

Average Discharge: 107 ff/sec 

Maximum Discharge: 9,680 ftVsec (1975) 

Minimum Discharge: 0 ff/sec (common in most years) 
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The assessment of Site impact on surface water quaUty focused on this creek and drainage 

to it. Surface water samples and sediment samples were coUected on the Site to determine 

surface water quaUty. The sample locations are shown on Figure 7-1. Three sediment 

samples were taken in ditches which drain the Site. Samples Ditch-1 and Ditch-2 were 

coUected as grab samples from the ditch which paraUels ByhaUa Road. This ditch receives 

storm water from man-made storm water culverts on the Site as weU as from culverts on the 

east side of ByhaUa Rd. Sample Ditch-3 was coUected from the west ditch. This sample j 

represents sediment from the westem and northem sections of the property. No site 

constituents were detected in any of the ditch samples. 

Surface water samples NC-1, NC-2, and NC-3 were also coUected. NC-1 is upstream of 

the Site mnoff. NC-2 was taken where the eastem ditch intercepts Nonconnah Creek. NC-3 

was coUected downstream of the Site. No site constituents were detecrted in any of the 

surface water samples. 

Additional samples were coUected at two locations in Nonconnah Creek in conjunction with 

a-bentWc.rorganism, study described below. These locations are identified as USSTI,, 

upstream of the'site, and DSS-l-̂  downstream of the site. Both water samples and sediment 

samples were coUected at these locations. 

The surface water and sediment samples were negative for TCE and its degradation products 

in aU samples. The absence of positive TCE values is not unexpected since TCE values in 

soU near the surface (and therefore subject to erosion) are low. In adtUtion, volatUization 

from turbulent water discharge would tend to-minimize soluble TCE transport to Nonconnah 

Creek. 
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A benthic organism study of Nonconnah Creek was conducted to determine whether the Site 

is contributing to biological changes in the Creek. That study is described below. 

7.2 Biological Impact Assessment 

Two assessments of potential biological impact were made on the ColUerviUe Site. The first 

is a quantitative study of benthic species diversity in Nonconnah Creek, and the second was 

a quaUtative review of sensitive and endangered species typical of southeastem Shelby 

County. 

The benthic organisms study was conducted by the Biology Department, Memphis State 

University. Section 7.2.1 is a reproduction of their report. 

7.2.1 Bentliic Macroinvertebrate Study - Nonconnah Creek 

Introduction 

A smdy to determine the population sizes and diversity of species of benthic 

macroinvertebrates at two sites in Nonconnah Creek, Shelby County, Tennessee, was 

conducted forEnvironmental and Safety•Deisigns,.Incoiporated?v^Sa 

was located approximately 30 meters east of the junction of ByhaUa Road, ColUerviUe, 

Tennessee, and Nonconnah Creek; sample Station n was located approximately 363 meters 

downstream from and west of Station I. See Figure 7-1. 

The information obtained in this study is to supplement an investigation to determine the 

presence of and extent of environmental stress at Station n due to possible releases 
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of the compound trichloroethylene into Nonconnah Creek at a point between the two sample 

sites. The investigation was supplemented by water quaUty and sediment sample coUection 

and analysis by EnSafe personnel. 

MATERIALS AND METHODS 

CoUection of Samples 

Samples of benthic macroinvertebrates were taken from two study sites noted in the 

introductory section above and shown on Figure 7-1. Within each site, six samples were 

obtained in a riffle area with a Surber square foot bottom sampler. Six petite Ponar grab 

samples were taken from a pool habitat at each station. Each site was sampled twice, first 

on June 29, 1990, and then on August 15, 1990. On the second date, an additional riffle 

sample was taken at a site intermediate between Stations I and n and between the mouths of 

two tributaries which empty into the creek. On the second sampling date, measurements of 

dissolved oxygen were made in milUgrams per Uter using a YeUow Springs Dissolved 

Oxygen meter, model 57. 

Kepiaratibri^of Samples-

Sediment and debris in samplers were placed in a sieve (U.S. standard number 30 mesh), 

concentrated and transferred to coUection jars. Contents from two samplers were combined 

in one jar. A 5% solution of formalin was added to the samples to fix and preserve 

specimens for transfer to the laboratory for analysis. In the laboratory, samples were placed 

in a U.S. number 30 sieve, washed with water, then preserved in 70% ethanol with rose 
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bengal added to stain organisms. FoUowing staining, specimens were separated from 

sediments and debris, then transferred to vials of 70% ethanol for preservation and study. 

Identification of Specimens 

Taxonomic keys and other references used are Usted in the Reference section. Larvae of the 

dipteran famUy chironomidae were selected randomly in group of ten and placed in 

potassium hydroxide solution to clear head capsules (Mason, 1973). 

Cleared specimens were mounted as semipermanent mounts in Permount medium and 

examined microscopicaUy. Identified subsamples were used to estimate the percentage of 

individuals in a given sample when numbers of chironomid specimens in a single sample 

exceeded the number possible to manipulate and identify. Subsamples of oUgochaete 

anneUds were placed in lactophenol solution (HUtunen and Klemm, 1980) for clearing and 

preservation. Selected anneUd specimens in the samples were made, and after the taxa in 

each sample were determined, a theoretical number of organisms per square meter was 

derived. 

A species diversity index\i(d) was'ealcukted for each s ^ r 

Weaver formula: 

C 
d = N (N log 10 N -Ui log 10 Uj) 

where C = 3.321928 (constant which converts base 10 to base 2) 
N = total number of individuals in sample 
Hi = total number of individuals in the ith species. 

Community similarity comparisons were also made (Kotila, 1987). 
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Percentage Composition of Samples 

OUgochaete anneUds and insects comprised 100% ofthe benthic macroinvertebrates iii each 

sample. The taxa, and total numbers of individuals in each taxon from aU sample sites, and 

a theoretical number of organisms per meter square are indicated in Tables 7-1 through 7-9. 

A composite of aU data is given in Figure 7-2 where ratios of anneUds and insects in each 

sample are shown. Figure 7-3 gives the diversity indices for each site during both sampling 

periods. 

Riffle areas typicaUy had fewer organisms per unit area than did pool habitats; however, the 

number of taxa per unit area and the diversity indices in riffle area at this station consisted 

of 97% and 99% insects respectively during the two sampUng periods. In contrast, samples 

from the riffle area at Station n contained high percentages of anneUds-76% and 91% 

respectively during the two sampling periods. 

Samples from the pool habitats at Station n contained almost pure assemblages of tubificid 

anneUds. Insects constituted 2% and 1 % respectively of samples in samples from the pool 

at thiS';site;during the two sampling periods. 

Taxonomic Composition and Diversity Indices 

Values for Shannon-Weaver species diversity indices were higher in aU samples from Station 

I when compared with the similar site at Station n (Figure 7-3). The riffle area 

at Station I had the highest diversity value of aU sites and contained caddisfUes, mayfUes, 

and numerous chironomid midges. Fewer taxa existed at Station n, and these taxa were 
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distinctly different from those found in the upstream counterpart sites. Numerous snaUs of 

the genus Physa were also present at Station II: however, these were confmed to the water-

shoreline interface and did not occur in samples. 

Community Similarity Values 

The percent simUarity between the riffle areas at Stations I and n dropped from 22 % to 3 % 

between the two sampling dates, whUe that between the pool habitats increased from 2% to 

73 %. The riffle area between Station I and n showed 8 % simUarity with Station I and 73 % 

simUarity with station n. 

Additional Observances and Discussion 

The benthic invertebrate communities from comparable habitats (riffle compared to riffle or 

pool compared to pool) are different between the two sampling stations. Substrate type and 

character apparently do not influence these differences since both sites contain substrate of 

sand and smaU gravel dispersed over a bed of clay. Two smaU streams enter Nonconnah 

Creek between the two sample sites. The second or westernmost tributary is the assumed 

source of TCE under study. The first tributary, a city stormwater outiet, enters the creek 

just downstream of sample site I and <q)pears to have substantial influence upon the nature 

of t̂hewwater în-NdncomiahiCreek;̂  In August̂  measii^^ 

between 9.5 and 10 mg/1 in the main channel above the convergence with the first tributary. 

At and downstream from the confluence, dissolved oxygen levels dropped to levels of 3.4 

to 4.0 mg/l, suggesting a heavy organic load contributed by the tributary. Luxuriant growths 

of bacteria, low levels of dissolved oxygen, a predominance of tubificid anneUds, the absence 

of insect taxa, and the absence of fish below the confiuence of tributary one and the 

Nonconnah suggest that this 
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tributary is a primary influence on the stream's character. The percentages of simUarity 

between the riffle at Station n and the intermediate site support this suggestion (Table 7-10). 

The insect fauna present at Station I, especiaUy the caddisfUes, mayflies, and diversity of 

chironomids, indicates a stream with relatively high water quaUty. Chironomids of the 

subfamUy Tanypodinae support this. Further, the levels of dissolved oxygen at Station I 

were high and weU above those necessary to support a diverse fauna including fish. 

The fauna at Station n changes to one characteristic of water with prolonged low levels of 

dissolved oxygen, perhaps from organic enrichment. Populations of tubificid worms are 

tolerant to low oxygen levels similar to those noted during the second sampling period. 

Values of diversity indiceis and percent similarities indicate that the intermediate rifile and 

Station n are similar, but distinctiy different from Station I. We speculate that there is 

significant perturbation from the first tributary just west and downstream from the junction 

of ByhaUa Road and Nonconnah Creek. Distinct differences in macroinvertebrates between 

designated sampling: Stations I: and n. must take; into, consideration effluents into the main 

channel.' The rektionship: between the two tributaries and theirinfliience-^on water ,qu^ 

in the main chaimel may require further study. In addition to water chemistry determinations 

in each of these streams, further study of the populations of macroinvertebrates found in sites 

intermediate between sites I and n would be useful. It is generaUy concluded however that 

164 



Remedial Investigation Report 
Collierville Site 
Revision B 
June 24, 1991 

no TCE/DCE impact has occurred or is likely to occur in Nonconnah Creek. The low 

species diversity in the stream appears to result from discharges of high BOD materials to 

the east storm sewer. 

7.2.2 Sensitive Ecology Assessment 

The Site is open pasture, recent-growth forest. Land use is primarUy agriculture and 

manufacturing, with some areas unused at present. 

No threatened and/or endangered species have been identified on or associated with the 

CoUierviUe Site. The State of Tennessee Department of Conservation does not Ust any 

protected or sensitive species in the CoUiervUle Area or in the Site component of Nonconnah 

Creek. 

7.3 Air QuaUty Assessment 

Air quaUty monitoring was conducted throughout the Remedial Investigation to support the 

Site;HealthtandSafety^JHanv Air nionitoring;,was/an essential aspect of aU drilling phases. 

Monitoring was used to determine accumulated TCE vapors in each boring and in 

background air immediately surrounding the aimulus of the borehole for personal health and 

safety throughout the entire field investigation. A Threshold Limit Value (TLV) of 100 ppm 

was designated as the maximum level of exposure before "standdown" or an increase in level 

of protection would be implemented per the investigations Health and Safety Plan. 
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Table 7-1. Macroinvertebrates from Surver samples in riffle of Station I, Noncoimah Creek, Shelby Coimty, 
TN (June 29, 1990). 

TAXON THEORETICAL NUMBER 
PER METER SOUARE 

Insecta 

Chironomidae 

Polvpedilum sp 961 

Crvptochironomus sp 133 

Tanypodinae, Pentaneurini 108 

Ceratopogonidae 

Probezzia sp 4 

Trichoptera 

Hydropsychidae 

Hvdropsvche sp 14 

Ephemoroptera 

Baetis sp. 1 40 

Coleoptera, Pytiscidae. ..:......;. 4 

Hemlptera, Corixidae 4 

Annelidae 

Naididae 47 

Total: 1,315 
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Table 7-2 Macroinvertebrates from Surber samples in riffle of Station I, Nonconnah Creek, Shelby County, 
TN (August 15, 1990). 

TAXON T H E O R E T I C A L NUMBER 
PER M E T E R SOUARE 

Insecta 

Chironomidae 

Polvpedilum sp 151 

Crvptochironomus sp 36 

Tanypodinae, Pentaneurini 241 

Dierotendipes sp 58 

Ceratopogonidae 

Probezzia sp 14 

Ephemeroptera 

Baetis sp. 1 ..522 

Baetis sp. 2 , 90 

Caenis sp 36 

Trichoptera 

Hydroptilidaeii.;.... ., 18; •; 

Hydropsychidae 

Hvdropsvche sp 18 

Annelida 
Naididae 

Stylaria sp 14 

Total: 1,198 
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Table 7-3. Macroinvertebrates from Surber samples in riffle of Station II, Nonconnah creek, Shelby Coimty, 
TN (June 29, 1990)? 

TAXON THEORETICAL NUMBER 
PER METER SOUARE 

Insecta 

Chironomidae 

Polvpedilum sp 184 

Diero tendipes sp 14 

Orthocladius sp 7 

Annelida 

Tubificidae 

T.imnodri1n.«i sp 641 

Total: 846 
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Table 7-4 Macroinvertebrates from Surber sample in riffle of Station II, Noncoimah Creek, Shelby County, 
TN (August 15, 1990). 

TAXON THEORETICAL NUMBER 
PER SOUARE METER 

Insecta 

Chironomidae 

Chironomus sp 79 

Polvpedilum sp 40 

Annelida 

Tubificidae 

Limnodrilus sp.... 1,231 

T o t a l : 1 , 3 5 0 
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Table 7-5 Macroinvertebrates from Ponar grab samples in pool habitat of Station I, Nonconnah Creek, Shelby 
County, TN (June 29, 1990). 

TAXON 
NUMBER 

T H E O R E T I C A L 

PER METER SOUARE 

Insecta 

Chironomidae 

Polvpedilum sp 187 

Dicotendipes sp 43 

Tanypodinae, Pentaneurini 101 

Paracladopelma sp 43 

Annelida: 

Naididae 43 

Total: 403 
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Table 7-6 Macroinvertebrates from Ponar grab samples in pool habitat of Station I, Nonconnah Creek, Shelby 
County, TN (August 15, 1990). 

TAXON T H E O R E T I C A L 
NUMBER 

PER METER SOUARE 

Insecta 

Chironomidae 

Crvptochironomus sp 288 

Polvpedilum sp 43 

Dicrotendipes sp 43 

Tanypodinae, Pentaneurini 43 

Ephemeroptera 

Baetis sp.l 29 

Annelida 

Tubificidae 

LJmnodrilus sp.. . . . . . . . . 1,123.. 

Total: 1,569 
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Table 7-7 Macroinvertebrates from Ponar grab samples in pool habitat of Station II, Nonconnah Creek, Shelby 
County, TN (June 29, 1990). 

TAXON THEORETICAL NUMBER 
PER METER SOUARE 

Insecta 

Chironomidae 

Polvpedilum sp 64 

Annelida 

Tubificidae 

Limnodrilus sp 2,909 

Total: 2,973, ' 
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Table 7-8 Macroinvertebrates from Ponar grab samples in pool habitat of Station II, Noncoimah Creek, Shelby 
County, TN (August 15, 1990). 

TAXON 
NUMBER 

T H E O R E T I C A L 

PER METER SOUARE 

Insecta 

Chironomidae 

Polvpedilum sp 72 

Tanypodinae, Pentaneurini 72 

Dicrotendipes sp 14 

Crvptochironomus sp 14 

Ephemeroptera 

Baetis sp. 1 14 

Caenis sp 14 

Coleoptera, Dytiscidae 14 

Annelida,; \ 

Tubificidae 

Limnodrilus. sp 14,155 

Total: 14,369 

173 



Remedial Investigation Report 
Collierville Site 
Revision B 
June 24, 1991 

Table 7-9 Macroinvertebrates from Surber samples in riffle of Station m , (intermediate), Noncoimah Creek, 
Shelby County, TN (August 15, 1990). 

TAXON T H E O R E T I C A L 
NUMBER 

PER METER SOUARE 

Insecta 

Chironomidae 

Dicrotendipes sp 23 

Polvpedilum sp 3 

Annelida 

Tubificidae 

Limnodrilus sp 61 

Total: 87 
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Table 7-10 Percent Similarity Values between Sample Sites I and II, Nonconnah creek, Shelby County, 
Tennessee. 

Riffle-Station I 
and 

Intermediate Riffle 

June 29. 1990 August 15. 1990 

Riffle-Station I 
and 

Riffle-Stotion n 
22% 3% 

Pool-Station I 
and 

Pool-Station II 
2% 73% 

Riffle-Station II 
and : 

Intermediate Riffle 
73% 

"Sample not taken during this period 
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Two types of monitoring were conducted. During most of the 1987-1988 investigation, a 

portable infra-red analyzer was used on the Site. The instmment was caUbrated to monitor 

TCE only and was used to measure TCE vapors in breathing zones, contaminant reduction 

zones, and in "head-space" measurements in soU samples. The infra-red analyzer was 

supported by measurements made using a photoionization detector (PID) which measured 

total organic vapor, although with non linear sensitivity to TCE. Table 7-11 summarizes this 

data. 

Background readings were taken throughout most areas of the Site during aU field activities 

from 1987 to 1990. AU infra-red and PID readings were negative on the Site except when 

invasive investigation procedures were underway. During soU borings at the former lagoon 

area and at the site of the 1979 spiU, PID readings were frequently positive. On a number 

of occasions, the 100 ppm total organic vapor limit in breathing zone criteria for Level C 

was reached, especiaUy at the former lagoon area. 

The onsite PID air quaUty monitoring estabUshed several areas as likely sources of TCE 

emissions to air during invasive soU activities only. No,release of TCE to.the atmosphere 

wasdetected except when invasive activities such as drilling were being conducted; ; ^ 

areas were: the former lagoon area, the 1979 spUl area, especiaUy on the southem and 

southwestem edges of the Main Plant, and the fence Une area adjacent to MW-15. These 

areas are also those exhibiting positive TCE readings in soU analyses. The absence of 

positive TCE readings on the Site generaUy is attributed to likelihood of volatilization of 

surface TCE in the hot, humid climate, and the elapsed time since the releases of TCE on 

the Site. 

176 



- v l 

Boring 

1 Bl 
1 *> 

n ^^ 

1 ^ 
B4 

1 ^ 
1 . B6 

1 B7 

B8 

1 89 

1 B^O 

B l l 

1 ̂ '̂  
B13 

B 1 4 " 

BIS 

B16 

1 ^̂̂  
1 B18 

1 ^̂ ° 
1 ^̂  

0.5-2.0 

3.4 

9.5 

1.8 

0 

0.4 

1.1 -

(1) 

0.6 

337 

2U96 

1.9 

2.7 

117 

0 

(3) 

2.4 

(3) 

(3) 

(3) 

(1) 

iAA:i-iiWAm^ 

3.5-5.0 / 

^ •A : i 

52'v.,V 

1.8 : 

83, " ; . /'-••,. 

(i) 

3.2 ; : 

(1) 

1.1 

10 

0.3 

661 

(1) 

0.3 

0 

1.0 

1.6 

26 

19 

7.6 

(1) 

[:AiAiiAAAiWi.''A('i^:iyi\0miAiiyiAim 

8.5-10.0 

7.5 

5.8 

2.0 

30 

1.9 

0.2 

(1) 

0.7 

845 

0.6 

2.7 , 

2.7 

0.6 

0 

0.3 

1.1 

(1) 

159 

92 

13.5-15.0 

5.8 

5.5 

1.4 

45 

3.2 

1.1 

(1) 

OS 

2396 

240 

1.8 

(1) 

1.7 

0 

0.6 

0.7 

46 

2.9 

111 

18.5-20.0 @1 Hour 

(1) 

51 

0.6 

30 

1.3 

2.4 

(1) 

2.4 

945 

4.2 

3.4 

(1) 

(1) 

0 

309 

0.2 

2845 

211 

165 

(1) 

3.8 

0 3 

64 

(1) 

1.8 

0) 

2 2 

126 

0) 

7.2 

(1) 

(1) 

0 

0.3 

0.2 

(2) 

12) 

(2) 

@ 24 Hour 

11 

4.6 

2.0 

146 

4.2 

1.3 

0) 

(2) 

11 

161 

12 

0.9 

0.8 

0 

0.2 

0.2 

18.6 

16.2 

Pli| 
Bkgd 

3.4 

9.5 

3.2 

3.5 

1.4 1 

0.6 

(1) 

0.1 

0.2 

0.2 

OS 

,.a 

0.2 

0.1 

0.2 1 

0.2 

0.2 

0.2 II 

14.2 0.2 II 

_ = ^ = = 
* All readings ara In parts per million (ppm), using Infrared spectrophotometer 
** Organic vapor detector used (hNu) (1) Low Battery (2) Borehole filled with water (3) No surface sample collected 
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7.4 Groundwater Uses in the Vicinity of the Site 

The RI has identified TCE/DCE contamination both in the shaUow aUuvial water table 

aquifer and in the deeper Memphis Sand aquifer. The water table aquifer has been shown 

to be poorly productive, yielding Uttie water except in isolated depressions in the Jackson 

Clay formation. (See Section 5.) However the RI has also shown that the underlying clay 

aUows contaminant migration into the Memphis Sand aquifer both directiy through the clay 

and via recharge areas located on the east and south sides of the site. Therefore 

contaminants in the shaUow unit have a pathway to the underlying Memphis Sand aquifer. 

The Memphis Sand aquifer is used as a primary drinking water supply by the Town of 

CoUierviUe, whose WeUfield #2 is adjacent to the site, and by private residences in mral 

portions of the area, not served by Town water suppUes. Ten private weU owners have been 

located within a radius of one to one and half mUes of the site. These residences are shown 

on Figure 7-4. Figure 7-4 also shows the locations of offsite background weUs instaUed as 

part of the RI and identified with CMW numbers. AU of these weUs were sampled for site 

constituentSiin September, 1990. Dataare.reported in Appendix O. No weUs,were positive, 

for TCE/DCE and no site impact was noted. [WeU constmction data for these weUs'could; 

not be located. Because of the low production of the aUuvial aquifer, these weUs are 

probably screened in the Memphis Sands.] The private weU identified as PW105 is known 

to be screened in the Memphis Sand. The owner has stated that this weU, which serves as 

a production weU for an industry, is capable of producing 400 gpm. Pumping history 

however has not been recorded. 
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The Town of ColUerviUe weUfield has been monitored for TCE since August, 1985, 

foUowing concems raised as a resuU of the 1985 site spiU of TCE. Data from this 

monitoring protocol are summarized in Table 7-12. A CLP level analysis for site 

constituents at this weUfield was conducted as part of the RI. Data from this analysis are 

presented in Appendix N. 
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FIGURE 7-4 
PRTVATE WELL SAMPLING LOCAHDNS 

COLLIERVILLE SITE 
cm. LIERVILLE, TN. 

p c B A ^ t l f l D f t I a m MAMBCMWUAW 
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TABLE 7-12 
ANALYTICAL RESULTS SUMMARY FOR 

TKCHLOROETHYLENE IN WELLRELD #2 

RESULTS ARE REPORTED IN \ ( ^ l g A ) 

ir~" 
Sampling 

Date 
08/27/86 

II 09/09/86 

02/24/87 

04/09/87 

06/18/87 

07/02/87 

07/16/87 

07/30/87 

08/20/87 

09/04/87 

09/17/87 

10/01/87 

10/15/87 

10/29/87 

11/12/87 

12/03/87 

12/17/87 

01/04/88 

01/21/88 

02/04/88 

02/18/88 

03/08/88 

03/08/88 

03/08/88 

03/23/88 

03/23/88 

03/23/88 

04/28/88 

05/17/88 

05/31/88 

06/13/88 

06/27/88 

East 
Well 

^0 

1.8 

3.3 

3.6 

2.3 

4.5 

3.6 

3.1 

4.4 

2.1 

1.7 

2.2 

1.8 

1.6 

3.0 

2.0 

2.0 

2.9 

2.S 

12.0 

5.2 

3.5: ; 

•• 2 . 1 ' 

5.05 

4.2 

1.7 

^64 

3.0 

4.0 

4.0 

4.4 

6.0 

West 
Well 

4.0 

<1.0 

3.4 

3.5 

2.0 

3.7 

4.1 

3.9 

8.1 

3.3 

4.0 

4.5 

2.6 

3.0 

0.85 

5.0 

5.5 

7.2 

6.7 

3.4 

10.2 

8.3 

". •8.5^'' 

4.48 

9.5 

7.7 

8.25 

9.0 

10.0 

9.1 

9.1 

11.0 

AA 
BC 

— 

— 

0.87 

0.53 

— 

1.1 

1.4 

0.92 

2.0 

0.72 

0.73 

0.87 

<0.20 

0.35 

0.51 

0.85 

0.63 

1.6 

1.3 

2.35 

1.75 

.••. •.2.r.••••.. 

I.r 

.99 

2.0 

0.77 

1.65 

2.0 

3.0 

2.35 

2.7 

4.0 

AA 
AC 

<1.0 

0.68 

0.56 

0.37 

— 

_ 

_ 

— 

' — 

— 

— 

• _ • • 

— •• 

— 

—. 

— 

— 

— 

— 

— 

— 

AS QA/QC 
QUAURER 

B,R 

B 

R 

B,R 

B 

B 

B 

c 
R,C 

Recra Env. 

ETC-
Memphis 

C 

Recra Env. 

ETC-
Memphis 

1 
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TABLE 7-12, continued 
ANALYTICAL RESULTS SUMMARY FOR 

TRICHLOROETHYLENE IN WELLRELD #2 
RESULTS ARE REPORTED IN \(^ jg/L) 

Sampling 
Date 

1 07/19/88 

08/17/88 

09/23/88 

10/07/88 

11/03/88 

11/17/88 

12/02/88 

03/08/89 

04/10/89 

05/15/89 

06/12/89 

07/12/89 

1 08/10/89 

09/12/89 

10/11/89 

11/14/89 

12/05/89 

01/16/90 

02/06/90 

04/30/90 

05/11/90 

05/18/90 

06/06/90-

06/15/90 

06/28/90 

07/06/90 

07/13/90 

08/21/90 

09/18/90 

11/19/90 

01/08/91 

04/05/91 

East 
Well 

6.0 

7.5 

8.6 

11.0 

10.0 

19.0 

15.0 

5.2 

6.5 

11.0 

17.0 

15.0 

25.0 

16.0 

12.0 

15.0 

25.0 

31.0 

32.0 

— 

.»• 

5.r.- • 

8.4 

7.9 

8.6 

9.4 

' 9.0 

52.0 

34.0 

28.0 

4 16.0 

West 
Well 

9.0 

6.9 

8.5 

13.0 

11.0 

13.0 

15.0 

9.2 

4.7 

7.1 

9.0 

9.8 

14.0 

14.0 

23.0 

— 

— 

— 

—. 

19.0 

17.0 

14.0 

14.0 

20.0 

23.0 

25.0 

21.0 

27.0 

75.0 

45.0 

43.0 

70.0 

AA 
BC 

3.5 

2.05 

2.4 

4.0 

3.45 

6.4 

4.3 

1.9 

0.86 

1.85 

2.45 

2.4 

3.15 

3.6 

4.8 

2.4 

4.5 

5.4 

5.0 

<0.30 

0.66 

<0.30 

<0.30 : 

<0.30 

<0.30 

<0.30 

<5.00 

<1.00 

<5.00 

<1.00 

— 

AA 
AC 

3.0 

1.8 

4.1 

3.4 

— 

— 

— 

— 

1.1 

1.6 

2.4 

1.5 

3.1 

^ 5 

4.5 

2.0 

3.3 

4.5 

3.6 

<0.30 

<0.30 

<0.30 

<0.30 

<0.30 

<0.30 

<0.30 

<0.30 

<5.00 

<1.00 

<5.00 

<1.00 

— 

AS 

<0.30 

<0.30 

<0.30 

<0.30 

<0.30 

<0.30 

<0.30 

<0.30 

<5.00 

<1.00 

<5.00 

<1.00 

<0.90 

QA/QC 
QUAURER 

R 

R,C 

R 

R 

R 

D 

0 

1 
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Notes: 

(1) — indicates that no samples were collected. 

(2) AAAC indicates after aeration after chlorination in the treatment plant; AS indicates 
after stripper. 

(3) Duplicate analyses are averaged for reporting purposes unless the Relative Percent 
Difference exceeds 25%. In that event, an • R ' QA/QC qualifier is used and the 
higher value is reported. 

(4) QA/QC Data QuaUfier Remarks: 
B: A • B ' qualifier is used if trichloroethylene is reported in the field blank for 

this sampUng event. 
R: An • R • qualifier is used if the relative percent differences (RPD) of 

duplicates for this sampUng event exceed 25%. 
C: A ' C indicates that the reported value is a corrected value based on 

subsequent QA/QC review of data. 
D: A ' D • indicates that detection limits are elevated due to the use of CLF 

Methodology, not Method 601. 
Lab: Unless otherwise indicated all analyses were performed by CompuChem 

Laboratories. 
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8.0 BASELINE RISK ASSESSMENT 

8.1 Introduction 

The objective of the baseUne risk assessment is to determine the health hazard and risk to 

humans and the environmental impacts of hazardous substances at the National Priority List 

(NPL) site as it currently exists. The assessment considers environmental media and exposure 

pathways that could result in unacceptable levels of exposure now or in the future. The value 

of the risk assessment as a basis for making remedial decisions is contingent upon an adequate 

characterization of chemical contamination. The results of sampling investigations conducted 

by EnSafe and presented in Appendices A through O provide the site characterization data used 

in this assessment. Tables 8-1 through 8-6 summarize the findings in regard to each media. 

The ColUerviUe, Tennessee site has two (2) major contaminant source areas as shown in Figures 

5-7 and 5-8. The first source area encompasses the portions of the site impacted by the 1979 

and 1985 spUls. The second source area is the former lagoon located in the northwest section 

of the site. Figiire 8-1 provides a general site schematic. 

Composite and grab soU samples from the surface and grab samples from various depths were 

coUected and analyzed for the target compound Ust/target analyte Ust (TCL/TAL) of substances 

during the various RI sampling phases (1989-1991). Over the course of the RI, the Ust of 

compounds was reduced to; foctis on Confirmed Site Constituents (CSCs) wMch include voku^ 

organics and metals. 

A baseline risk assessment to evaluate potential threats to human health and the environment 

from hazardous substances is mandated by the Comprehensive Environmental Response, 

Compensation and LiabiUty Act of 1980 (CERCLA) as amended by the Superfund Amendments 

and Reauthorization Act of 1986 (SARA) to provide for remedial action at NPL sites that is 

protective of human health and the environment. The remedial process that includes the 

defmition of risk assessment is described in the National OU and Hazardous Substances PoUution 
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TABLE 8-r 
Groundwater Summary TaUa: : 

Parameter 

TRICHLOROETHYLENE 

1,2-DICHLOROETHENE 

1,1'DICHLOROETHENE 

1,1,1-TRICHLOROETHANE 

TETRACHLOROETHENE 

SampilnQ: 
Period/ 
Phase 

12/89 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

12/89 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

11/90 

2/91 

4/91 

8/91 

12/89 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

12/89 

4/90 

.. No.--.---, : 
Samples ' 

15 

17 

20 

25 

23 

23 

25 

15 

17 

20 

25 

23 

23 

25 

25 

23 

23 -; 

25 

15 

17 

20 

25 

23 

23 

25 

15 

17 

: No. 
•-:-Hits-:.V 

10 

10 

12 

13 

9 

11 

15 

7 

6 

8 

9 

9 

7 

7 

2 

1 

: • • 1 

1 

1 

0 

0 

1 

1 

2 

1 

0 

0 

-.. Range-::: :: -
(ppbl 

38-4400 

9-14000 

20-24000 

23-7300 

59-8700 

8-12500 

5-37000 

7-5300 

50-5400 

5-3900 

8-12000 

11-12000 

7.2-6900 

3-370 

9-14 

— 

' • • — • . , • 

— 

135.2-824 

— 

Mean 
(ppb) 

1230 

2800 

3850 

1840 

2350 

4400 

3800 

1530 

2720 

830 

1480 

1560 

1200 

125 

12 

7.9 

4.75 

9 

44 

120 

32 

480 

69 
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TABLES-! 
Groundwater Summary Table 

Parameter: ; 

TETRACHLOROETHENE 

METHYLENE CHLORIDE 

ACETONE 

• CARBON.'DISULRDE ;\ 

VINYL CHLORIDE 

4 

VINYL CHLORIDE 

: Sampling 
-•^•• i . P o r t e d / - : : - • 

: Phase 

8/90 

11/90 

2/91 

12/89 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

12/89 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

12/89.: 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

11/90 

2/91 

4/91 

8/91 

Ho. 
Samples. 

20 

25 

23 

15 

17 

20 

25 

23 

23 

25 

15 

17 

20 

25 

23 

23 

25 

^r;V^..i-5 '̂ • 

17 

20 

25 

23 

23 

25 

25 

23 

23 

25 

No. 
Hits 

0 

0 

1 

0 

2 

0 

1 

2 

6 

7 

2 

6 

0 

1 

8 

4 

5 

- - - -o-- ' - - . - - '• 

3 

0 

3 

2 

1 

1 

2 

1 

2 

0 

Range: 
[ppbl 

7-160 

27-35. 

8-997 

3-11 

200-320 

12-860 

— 

7.2-156 

3.2-790 

9.1-50 

--. - — -.' 

9-75 

— 

7.58 

11-78 

— 

— 

1-5 

— 

2.27-8.51 

Mean 
{ppb> 

27 

85 

7 

31 

210 

6 

260 

450 

— 

6 

45 

250 

24 

_ . 

34 

— 

24 

45 

17.1 

11 

3 

3.4 

5.5 

— 
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TABLE 8-1 
Groundwater Summary Tabia 

Parameter 

TOLUENE 

1,2-DICHLOROETHANE 

TRANS-1,3-DICHLOROPROPENE 

BROMODICHLOROMETHANE 

DIBROMOCHLOROMETHANE 

CIS-1,3-DICHLOROPROPENE 

BROMOCHLOROMETHANE 

LEAD 

ZINC 

Sampling 
Parted/ 

-.Phase:-::.-::: 

11/90 

4/91 

8/91 

2/91 

2/91 

4/91 

8/91 

2/91 

4/91 

2/91 

2/91 

12/89 

4/90 

8/90 

11/90 

2/91 

4/91 

8/91 

12/89 

4/90 

8/90 

11/90 

2/91 

Samples 

25 

23 

25 

23 

23 

23 

25 

23 

23 

23 

23 

15 

16 

20 

25 

26 

19 

2 5 •:••. 

15 

16 

20 

25 

26 

No. 
Hits 

1 

0 

0 

3 

9 

20 

21 

11 

12 

17 ' 

14 

15 

19 

21 

24 

-•-::;-•:-. R s n g S .:-- -

(ppbl O 

— 

— 

— 

— 

— 

— 

— 

— 

— 

4-106 

2.4-152 

1.4-54.2 

1.1-278 

4.9-198 

3.9-454 

1-246 

2.2-21900 

20.6-30300 

11-19800 

12-146000 

10-30500 

Mean 
(ppbl 

5 

— 

7 

43 

46 

— 

7.4 

42 

824 

37 

48 

42 

43 

19 

30 

50 

134 

. 8 0 

4010 

6800 

4840 

11650 

5600 
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" • TABLE 8-2 
G HjO - Background Wells 

Parameter ; 

Lead 

Zinc 

Sampling 
Period/ 

:-:Phase-̂ ::-;:-:i:::: 

8/90 

8/90 

• - - • • H o . ; 

:: Samples 

3 

3 

No. 
;;-:-:;-:•: H i t s : v:-;̂  

3 

3 

Range 
(ppb) 

4.3-39.5 

5.0-1580 

Mean 
(ppb) 

22 

990 

*No TCE, DCE or vinyl chloride in any of (3) backgrounds. 
• * N o site-related source of lead has been identif ied. 

TABLE 8-3 
Nonconnah Creek Sediment Samples 1 

Parameter 

Lead 

Zinc 

Sampfing 
Period/ 
Phase 

6/90 

6/90 

:-:'-'-f No;: •::,;, 
Samples 

2 

2 

"•^:^^Nol;n.--
;:;.:--Hits-:S;;:;: 

2 

2 

R a n g e 
(ppb) 

18.3-23.2 

29.3-50 

Mean 
(ppb) 

21 

40 

•Nb'TCE,"DCE or vinyr chloride in t w o (2) samples. 
* * N o site-related source of lead has been identif ied. 
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\-;,.; TABLE ••8-4;:.. • 
City Well Water Samples 

Parameter;; 

TRICHLOROETHYLENE 

1,2-
DICHLOROETHENE 

VINYL CHLORIDE 

LEAD 

ZINC ;V 

Sampling 
Period/ 
Phase 

8/90 

11/90 

8/90 

11/90 

8/90 

11/90 

8/90 

11/90 

8/90 

11/90 

No. 
Samples 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

No. 
Hits 

3 

2 

0 

0 

0 

0 

6 

1 

6 

5 

Range 
(ppb) 

2-27 

34-45 

1.2-7.6 

10-272 

11-115 

Mean 
(ppb) 

12 

40 

4 

3 

57 

56 

TABLE 8-5 
Private WeU Water Samples 

Parameter 

Lead 

Zinc 

Smnpling 
Period/ 
Phase 

2/91 

2/91 

AiAKAii: 
'v;:SamJ9leS:-:;-:: 

2 

2 

ii'iuAH: 

0 

2 

::::•.:-•-:• R^n£ ie - : :>s | ; 4 

|:ll^(ppb);i:;i::-

270-289 

Mean 
(ppb) 

280 

*No TCE, DCE or vinyl chloride in ten (10) samples 5/90. 
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TABLE 8-6 
Summary Soil Oata 

Parameter 

TRICHLOROETHYLENE 

1,2-DICHLOROETHENE 

TETRACHLOROETHENE 

1,1,2-
TRICHLOROETHANE 

TOLUENE 

2-BUTANONE 

ACETONE 

LEAD (mg/kg) 

ZINC (mg/kg) 

Sampling 
Period/ 
Phase 

;̂:;-. No;?-" 
Samples 

56 

56 

56 

56 

56 

56 

56 

39 

39 

No. 
Hits 

8 

3 

1 

1 

4 

1 

3 

33 

26 

• .Range:-' 
•AA.'i'ippbh::,...yi 

8-1,200,000 

14-200 

6-87 

12-35 

0.67-21.4 

3.3-77.8 

Mean 
(ppb) 

152000 

78 

11 

26 

40 

190 

26 

7 

33 

•jwg/kg 
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Contingency Plan (NCP) and USEPA guidance. Specific guidance on conducting a baseUne risk 

assessment, including a fuU quantitative risk assessment for likely exposure pathways, is also 

provided in USEPA guidance (USEPA, 1986; USEPA, 1988a; USEPA, 1988b; USEPA, 1989; 

and USEPA, 1990). This assessment is prepared consistent with the Risk Assessment Guidance 

for Superfund (RAGS). 

The risk assessment process can be divided into four components: 

Contaminant identification - The objective of contaminant identification is to screen the 

information that is available on hazardous substances present at the Site and to identify 

contaminants of concem in order to focus subsequent efforts in the risk assessment process. 

Contaminants of concem are selected in consideration of their intrinsic toxicological properties, 

their presence in large quantities, their frequency of occurrence and/or their presence in 

potentiaUy critical exposure pathways (e.g., drinking water supply). 

Exposure assessment - The objectives of an exposure assessment are to identify actual or 

potential exposure pathways, to characterize the potentiaUy exposed populations, and to 

determine the extent of the exposure. For exposure to occur, four essential elements must exist, 

i.e;;(a);asoi^x» and mechanisms of chenucalrelease^to the e ^ 

transport medium (e.g., air, groundwater released chemical), (c) a point of potential contact 

(exposure point) with the contaminated medium and (d) an exposure route (e.g., inhalation, 

ingestion) at the contact point. 

Toxicity assessment - The objective of the toxicity assessment is to fiirther detennine the 

potential hazard posed by the chemicals of concem for which exposure pathways have been 

identified. The predicted exposure levels are evaluated relative to intemal dose and toxicological 

responses. Data«for each reasonable route of exposure are compared with generaUy accepted 

safe levels. Contaminant-specific standards that are appUcable or relevant and appropriate 
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(ARARs) are used when avaUable to determine acceptable levels. When ARARs are not 

avaUable or sufficiently protective for specific compounds or exposure media, health-based levels 

are determined by using USEPA reference doses (RfDs) for noncarcinogens and USEPA potency 

factors (qi*s) for carcinogens. 

Risk characterization - The objective of this fmal step of the risk assessment is to estimate the 

overaU potential adverse effect by utilizing the exposure information and dose-response data for 

each exposure scenario. The risk characterization provides numerical estimates of risk and a 

framework to help judge the significance of the risk and conveys the related uncertainties. 

8.2 Containinants of Concem 

Although a number of chemicals were detected in the analyses of site media (Appendices A 

through O and Tables 8-1 through 8-6), few known hazardous substances were found at a 

concentration and frequency to be of health concem. Presented in Tables 8-1 to 8-6 are 

concentrations of contaminants identified in site media. Professional judgement was used to 

select the chemicals that would be evaluated in the risk assessment from the tabulated Ust. This 

judgement was made in keeping with the primary objective of the baseline risk assessment, i.e. 

to detennine if the Site poses a significant hazard now or in the fiiture from any pathway such 

that the; "no, action'!; remedial alternative; would'be unacceptable, r This selection 

the foUowing criteria: (1) the chemical has demonstrated significant toxicity to animal life in 

pubUshed reports, (2) USEPA health-based numbers can be obtained for the chemical, (3) its 

occurrence is significant, based on frequency, concentration and exposure potential, in regard 

to the total risk posed by the Site, and (4) these compounds were suggested by Ensafe and 

reviewed by the USEPA in an October 14, 1990 Draft Remedial Investigation Report. Other 

factors considered in selection of the chemicals of concem were historical information (site 

related), mobiUty, persistence, and bioaccumulation in the environment. 
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The selected contaminants of concem for the baseUne risk assessment are shown in Table 8-7. 

Seven major hazardous contaminants were considered. Of these, trichloroethylene (TCE) and 

dichloroethylene (DCE) were the most frequently detected and generaUy found at the highest 

concentrations. Although TCE and DCE are the primary contaminants of concem, lead and zinc 

were evaluated in the Baseline Risk Assessment per agreement with USEPA Region IV, due to 

their presence in site soUs and groundwater. Lead and zinc were included to provide a 

conservative assessment of the risk posed by the site, however no pattem or source of lead and 

zinc contamination was estabUshed. Lead has not been historicaUy used onsite. As a result, 

lead and zinc concentrations found in site media were attributed to naturaUy occurring levels 

and/or non site-related anthropogenic sources. Vinyl chloride, 1,2-dichloroethane (DCA), and 

tetrachloroethylene (PCE) were also included in the Baseline Risk Assessment, although they 

have not been identified at a significant frequency in any site media. Vinyl chloride was 

included because it is a common degradation product of TCE. Tetrachloroethylene and 1,2-

DCAwere included on the basis of a request from USEPA, Region IV. Tetrachloroethylene has 

not been used historicaUy onsite according to the site operator. Vinyl chloride was not identified 

in any site soUs, and groundwater concentrations found were at or near detection limits. SoU 

and sediments were evaluated in regard to aU seven of the above mentioned contaminants. 

Contamination was not indicated in any surface water samples (Appendix M) and this medium 

wiUhot-?be;<further;evaluatediin the risk assessment. 

In groundwater (of the positive findings); TCE and DCE were always detected in the highest 

concentration and represent the contaminants of concem with respect to groundwater. As 

previously discussed, lead, zinc, 1,2-dichloroethane, tetrachloroethylene and vinyl chloride were 

also evaluated with respect to groundwater. AU groundwater (shaUow or deep) contaminants 

having an MCL were considered as contaminants of concem tf they were detected in one or 

more sample weUs at an average concentration which equaUed or exceeded the current or 

proposed MCLs.' 
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.; •••̂ -•.."TABLE •••8-7:;; 
Contaminants of Concern by Environmental Media for the 

Carrier Company Site 

SOIL/SEDIMENT 

TCE 
DCE 

Vinyl Chloride* 
PCE 

' DCA 
Lead 
Zinc 

GROlflMDWATER 

TCE 
DCE 

Vinyl Chloride* 
PCE 
DCA 
Lead 
Zinc 

*Vinyl chloride was not detected on-site in any media at a significant frequency, but is considered a 
common degradation product of TCE. 
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A larger number of inorganic and organic hazardous substances were detected in soU samples 

(Table 8-6). No additional contaminants associated with site activity were present at a frequency 

and concentration to warrant consideration as a contaminant of concem due to their toxicity, 

detection frequency and concentration. 

8.3 Exposure Assessment 

The Site is located near a state road in a developed community setting. The site exists in the 

smaU growing community of CoUierviUe, Tennessee (pop. ~ 13000). With the current strict 

zoning, it is clear that the long-term future use of this Site (after remediation) would be for 

continued industrial use. The Site is an operating faciUty and wiU continue to be so for the 

foreseeable future. Therefore, it seems pmdent to assume that direct and frequent contact by 

adults in an industrial setting wiU continue to occur in the foreseeable future. Currentiy, the Site 

is used as an operating manufacturing faciUty. The manufacturing Site is fenced and secured. 

Infrequent trespassers woiild pose a likely current exposure scenario with direct exposure to the 

southem and westem portions of the Site by Carrier operating personnel also posing a viable 

scenario. The nearest residential area is approximately 100' north of the site boundary adjacent 

to the ColUerviUe municipal weU. 

N6ne:>ofthe!nonpaved areas appear to'receive heavy foottrafficoriobvious^^ 

exposure^ However, direct soU or dust contact could result in exposure to trespassers and the 

workers on site. 

Irrigation from the shaUow water bearing zone (thin, low yielding zone lying above the Jackson 

Clay) is not feasible due to the poor production of this unit. Irrigation from the deeper aquifer 

'-Approximately 20% of the 190 acre site is paved or covered by buildings. Approximately SO to 60% of the 
contaminant source areas are beneath paved or covered areas. 
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system (the Memphis sands) would be possible, but would not significantly contribute to overaU 

risk due to the foUowing factors: 

• The site is an operating industrial faciUty. 

• The organic contaminants of concem have low bioconcentration factors (< 50) and high 

Henry's Law constants. The uptake by crops is expected to be minimal. 

• The primary metals of concem are zinc and lead. Zinc is a trace element, and both are 

not avaUable to plant materials for uptake untU soU levels reach >50 ppm. 

• Groundwater metals concentrations are not significantiy above background 

concentrations. 

Surface waters do not exist on-site or adjacent to the site with the exception of Nonconnah Creek 

in which no water sample contamination attributable to the site was detected. 

No significant direct inhalation exposure on-site is expected as a large portion of the 

contaminated area is paved/covered. The unpaved areas ofthe site are far less contaminated and 

are covered by maintained vegetation (grasses and trees/shrubs). SoU contamination exists at 

the highest levels at depths "from one to five feet (subsurface vs. surface, 0-1'). These factors 

along with the mUd southeast inland climate (average wind speeds of 5-10 mph) contribute to 

Lnsignificant-passiyeivolatiUzatibn of site contaminates v̂̂^ i ^ 

permit which aUows approximately 200 tons of total VOCs per year to be emitted. The 

maximum combined air stripper output annuaUy has been estimated at < 500 lbs/year (Ensafe, 

1991). Passive volatilization from the site would not contribute significantiy to VOC air 

emissions or risk. Active volatilization (such as soU gas vapor extraction) wiU be addressed in 

the feasibiUty study. 

ShaUow groundwater is not currentiy used for domestic purposes in the immediate area. The 

nearest known municipal weU is located adjacent to the northwest comer of the Site. The deep 

groundwater flow is best described as to the northwest (influenced by pumping). Groundwater 
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contaminant exposure was computed for current and fumre use of water produced by the 

Memphis Sand aquifer. Current groundwater exposure pathways exist for local residents 

suppUed by the ColUerviUe municipal weU system. Future exposure was assessed via a 

hypothetical pathway involving residential weUs screened in the Memphis Sands. Groundwater 

contaminant ingestion and inhalation of volatilized groundwater contaminants were considered 

to determine total exposure through the groundwater pathway. The maximum concentration of 

each parameter observed in untreated municipal weU water was used to compute current risk 

(conservative assumption). Fumre resident reasonable maximum exposure (RME) concentrations 

were estabUshed by computing the 95% upper confidence limit mean for each constituent of 

concem from weUs screened in the Memphis Sand aquifer. 

The highest groundwater concentrations on-site were generaUy observed in monitoring weUs 

located in the shaUow water bearing zone (which is not used as a potable water source in the Site 

vicinity). Actual current exposure to groundwater contaminants (through the municipal system) 

is minimized (or eliminated) by engineering controls (i.e. air stripping of municipal weU water 

prior to distribution). VolatUe contaminant concentrations subsequent to the air stripping unit 

are below MCLs. Use of the shaUow water bearing zone and the Memphis Sand aquifer as a 

potable water source is restricted by administrative controls. The administrative controls 

currentiyiiniplace;require that any; weU constmcted; wi 

approved and permitted. 

The aUuvium and fluvial deposits comprise the shaUow water table and show inconsistencies 

throughout the region. Presence or absence of shaUow groundwater may be indicative of 

"perched" zones characteristic of corresponding undulations in the top ofthe underlying Jackson 

clay formation. 

Graham and Paries (1986) suggest that the areal differences in the Jackson Clay's abiUty to retard 

movement between the shaUow groundwater and Memphis Sand is directiy associated with the 
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aggregate thickness of clay beds within the unit. However, the confining bed also contains fme 

sand and sandy sUt, which causes local variations in its abiUty to retard the movement of water 

between the water-table aqutfers and the Memphis Sand. Aggregate thickness of clay beds 

thicker than 10 feet in the Jackson-upper Claibome confining bed range in depth from 0-250 

feet. As seen from Figure 5-9, the Jackson-upper Claibome apparentiy pinches out in the 

vicinity of Nonconnah Creek resulting in a direct exchange of groundwater between aquifers and 

is further substantiated by the location of the ColUerviUe Site in relation to the outcrop area of 

the Memphis Sands. 

Based on the difference in hydrauUc conductivity and strata physical characteristics between the 

upper Jackson Clay formation and the lower portions of the Terrace Deposits, it has been 

postulated that the primary groundwater contaminant pathway to the Memphis Sands aquifer is 

along the Terrace Deposit/Jackson Clay interface to the Jackson Clay confining layer pinchout 

(where contaminants may enter the Memphis Sands). Leakage through the confining layer is 

not expected to be a significant contributor to any contamination of the Memphis Sands aquifer 

because of the characteristics of the Jackson Clay (high density, low permeabiUty). 

Pathways of exposure to concentrations of hazardous substances associated with the Site include 

cunient and jfiitaredirectrsoU contact via, ingestion- and dermal? pathways, dermal contact,; 

inhalation/bathing contact and ingestion of groundwater at present and in the fumre (Table 8-8). 

8.4 Toxicity Assessment 

Four contaminants have been positively identified and quantified at the ColUerviUe Site. They 

are trichloroethylene (TCE), 1,2-dichloroethylene (DCE), tetrachloroethylene and 1,2-dichloro­

ethane. DCE exists in two isomeric forms, cis and trans. Isolation of the two isomers in 

routine analytical determinations is difficult and subject to error. Therefore DCE is usuaUy 

reported as the total of aU isomers. 1,2-DCE is considered an equivocal carcinogen. However 

the two isomers do exhibit somewhat different toxicities. Therefore, as a conservative approach, 
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TABLE 8-8 
Potential Complete Exposure Pathways for 

Risk Assessment Considerations 
Collierville NPL Site 

Collierville; TN h ; 

Ingestion of and dermal contact with contaminated soil by on-site workers, trespassers 
(e.g., children), and hypothetical, future, onsite residents.' 

Ingestion of contaminated groundwater by current municipal water system users (before 
treatment) and hypothetical, future residents obtaining their water from an on-site well 
screened in the Memphis Sand aquifer." 

Inhalation of chemical vapors emanating from contaminated groundwater during 
showering by current municipal water system users (before treatment) and hypothetical, 
future residents obtaining their water from an on-site well screened in the Memphis 
Sand aquifer." 

Exposure rates (CDI) for ingestion and dermal contact with contaminated soils by future child 
residents were calculated to be (mg/kg-day) TCE = 4.8x10*, DCE = 1.2x10•^ Pb = 1.9x10-^, 
Zn = 8.2x10"*, and PCE = 1.8x10"^ (1.5x10"® for carcinogenic effects). Appendix P contains 
calculations used to derive exposure concentrations (RMEs). 

Exposure concentrations for chemical intakes for chemical intakes (ingestion and inhalation) 
related tOi ground water were.determined as follows: 

Current<;Resident- maximum concentration: detected (before; treatment): in-the: CoMieryille; 
municipal well system water ^ 

in Future Resident- 95% upper confidence limit mean contaminant concentration detected i 
monitoring wells screened in the Memphis Sand aquifer 

Current after treatment exposure/risk levels were not computed as contaminant concentrations in 
treated municipal well system water are below analytical detection limits. 
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the more toxic of the two isomers is used in risk assessment. In general, the cw-1,2-

dichloroethylene isomer is considered the more toxic. A secondary degradation product of TCE, 

vinyl chloride (chloroethylene), has not been identified at the Site in any media at significant 

frequencies. Over a long period of time, however, degradation of DCE to vinyl chloride has 

been known to occur. Zinc and lead are the metals of concern at the Site, however, observed 

concentrations do not vary significantiy from background, and no site-related source of lead has 

been estabUshed. 

In addition to their carcinogenic potential (TCE and vinyl chloride), most of these substances 

can produce systemic toxic responses at doses greater than an experimentaUy-determined 

threshold level. The USEPA has derived Cancer Potency Factor (CPF)̂  and/or Reference Dose 

(RfD)̂  values for these substances for use in determining the upper bound level of cancer risk 

and noncancer hazard from exposure to a given level of contamination (Table 8-9). 

Drinking water standards (MCLs) have been estabUshed for some of the contaminants detected 

in groundwater impacted by Site activities (Table 8-9). These contaminants include hazardous 

substances identified as carcinogens and systemic toxicants in pubUshed research studies. 

Critical studies used in their toxicity classification by the USEPA are shown in the Integrated 

Risk Information ;System;,(IRISy data :base. These standaids;;are^considered as' ARARs:?fbr thes; 

surface and groundwater at this Site. They are considered "Relevant and Appropriate" since the 

^Slope Factor. A plausible upper-boimd estimate of the probability of an individual developing cancer as a result 
of a lifetime of exposure to a particular level of a potential carcinogen. 

^Reference Dose. The Agency's preferred toxici^ value for evaluating noncarcinogmic effects resulting from 
exposures at Superfund sites. '*'See specific entries for chronic RfD, subchronic RfD, and developmental RiD. The 
acronym RfD, wheif used without other modifiers, either refers generically to all types of RfDs or specifically to 
chronic RfDs. It never refers specifically to subchronic or developmental RfDs. 
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TABLE 8-9 
Health-Based Values for Carcinogerw (CJ»F) and 

Noncarcinogens (RfD) and ARARs for ; 
Oral Exposure to Contaminants of Concem at the : 

••• . C a r r i e r S i t e . ; - • : • • - • - • - • • - - • 

Contaminant 

Trichloroethylene (TCE) 

1,2-Dichloroothene (DCE) 

1,2-Dichloroethane (DCA) 

Tetrachloroethene (PCE) 

vinyl Chloride 

Lead 

Zinc 

CPF^ 
(mg/kg/day)-' 

1.1x10" 

NA 

9.1x10-' 

5.1x10-' 

1.9" 

NA 

NA 

CPF^,^^.^* 
(mg/kg/dayr< 

0.017 

NA 

0.091 

1.1x10-'* 

1.8x10-* 

NA 

NA 

AA:Rf6'''':'A.; 
:(mg/kg/day) 

NA 

0 . 0 1 ' 

NA 

0.01 

NA 

0.0004" 

0.21* 

Cancer 
Weight of 

.Evidence 

B, 

D 

B, 

B,/C' 

A 

B,/C' 

D 

ARAR 
(MCL aa mg/11 

0.005 

0.07" 

0.005 

0.005 

0.002 

0.015 

5' 

' Not on IRIS 4 /91, based on USEPA, 54 & 1-86-046. 
" Based on unit risk for drinking water (est. from CPF/RfD) 
' Not on IRIS 4 /91 , besed on USEPA, ECAO-CIN-PI55 
• Calculated unit risk based on 0.015mg/l action level (hazerd index = 1) and ingestion rate of 2 liters/day and 70 kg average-

body weight 
• Not on IRIS 4 /91 , based on USEPA, AWQCD, 440/5-80-079 (2» MCL) 
' Not yet determined or being reconsidered 
• HEAST, 1/91 
" Inhalation Unit Risk assuming IR. = 15m'/dav; BW = 70 kg. 

NA = Not applicable or not determined (pending) 

CancertWeioht-of Evidence:' . . ; . . . ; 
A = Human Carcinogen-:'.; 
B2 = Probable Humen Carcinogen- sufficient evidence in animals sfKl inadequete or no evidence in humans. 
C = Possible Humen Carcinogen 
D = Not Clessifiable as to Human Carcinogenicity 
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Memphis Sands aquifer is currentiy used as a domestic water supply. A copy of the IRIS 

database outputs for each parameter are included as Appendix Q (where available). 

8.5 Risk Characterization 

The foUowing sections present the risk characterizations for each of the identified exposure 

pathways. The data and calculations used to estabUsh soU and groundwater RMEs (current and 

future) are provided in Appendix P. 

8.5.1 Groundwater Patliways 

The potential risks associated with untreated ColUerviUe municipal weU water exposure (using 

worst-case contaminant concentrations) were quantified (Table 8-10) through a direct ingestion 

and inhalation risk assessment scenario for the current resident scenario. Future groundwater 

exposure risk was computed on the basis of a hypothetical residential potable water weU instaUed 

in the Memphis Sand aquifer. The 95% upper confidence Umit mean (for deep weUs over three 

sampling periods-2nd, 3rd and 4th quarter 1991) for each contaminant was computed as a 

conservative estimate of the fiiture RME. In each instance (current and future), the combined 

ingestion and inhalation exposure levels were considered in calculating total groundwater 

pathway risk (or hazard index). This provides a conservative estimate of the health risks posed 

by the; ̂ groundwater -ingestion; and inhala pathway (under current and. anticipated; future v 

conditions). Also, MCLs (ARARs) exist for most of the major contaminants. MCL values 

generaUy faU within the concentrations considered protective under the Superfund program. 

USEPA poUcy caUs for the use of MCLs in assessing risk for contaminants which have MCL 

Goals of zero. This criteria would apply to lead for which the Maximum Contaminant Limit 

Goal was estabUshed at 0 ppb in the Federal Register, June 7, 1991. Unit risk values (10"*) 

were calculated from CPF and hazard index (> 1.0) were also calculated. Any exceedence of 

the MCL (or unit risk/hazard index > 1.0 for drinking water) values by water samples taken 

within the contannnation plume at or downgradient of the point of compliance could represent 
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•••..., . TABLE 8- io ' •:• 
Current anct Future Resident 

Direct Ingeetten end Inhalatten Groundwater Pathway Rlsl( Associated with the Colliervaie NPL Site 
'• '•":•'•*•••••: Colliervlle. TN •" 

a 

Compound 

TCE 

DCE 

DCA 

PCE 

Vinyl Chloride 

Lead 

Zinc 

-.AA'^'^^AiA 
;::;:•••; (mg/kfl/dey)"! I;::;-;:; 

0.011 

NA 

0.091 

0.051 

1.9 

NA 

NA 

(mg/kfl/day)-' 

0.017 

NA 

o^bgi 

1.1x10'" 

1.8xf 

NA 

NA 

RfD 
(mg/kg/day) 

NA 

0.01 

NA 

0.01 

NA 

0.0004 

0.21 

Current Resident 
RME (ppm) 

0.29 

0* 

0* 

0* 

0* 

0.045' 

6.68 

Future Resident 
RME (ppm) 

0.53 

0.117 

0* 

0* 

0* 

0.060* 

6.3 

Current Risk 
(Hazard Index) 

4.7x10* 

NA 

NA 

NA 

NA 

Hl = 3.2 

0.87 

Future Flisk 
(Hazard Index! 

2.5x10* 

Hl=0.33 

NA 

NA 

NA 

Hl = 4.1 

0.82 

' JJpper Bound Sum of cancer risk: Current Residents 2.5 x 10'* 
Future Residents = 4.7 x 10* 

Upper Bound Sum of hazard indices Current Residents = 4.07 
Future Residents = 5.3 

Notes: • ' y '• ' . - ' -

NA = Not Applicable 
*• indicetes that the compound was not identified iri samples collected from the subject wells. 
* not significently eleveted above background well concentrations (see Appendix P) 

Cancer Risk Formula: 
Risk = [contaminantl x EF x ED x 1(CPR x K x IR.) + (CPF, x IR_)1 

BW x AT X 365 deys/year 

Non-Carcinogenic Risk (Hezard Index) Formula: 
Hazerd Index = (conteminanti x IR_ x EF x ED + [contaminant! x K x IR. x EF x ED 

RfD. x BW X AT X 365 deys/yeer RfD; x BW x AT x 365 days/year 

Where: 
BW= Body Weight = 70 kg 
EF= Exposure Frequency = 360 days/yeer 
CPF|= Inhaletion cancer potency fector = chemicel-specilic 
K= volatilization lector = 0.0005 x 1000 L/m' 
IR„= daily water ingestion rate= 2 L/day 
RfD|= inhalation reference dose = chemical-specific 
Risk (hezard index) formulae were obtained from USEPA's Risk Assessment Guidance for Superfund, Voluma I, Parts A & B 

AT= Averaging Time= 70 years 
ED= Exposure Duration = 30 years 
CPF. = Oral cancer potency factor = chemical-specific 
IR, = daily indoor inhalation rate = 15 m'/day 
RfD, = oral reference dose = chemical-specific 
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a cause for concem. Samples from several monitoring weUs had at least one contaminant that 

exceeded the current MCL (Tables 8-1 through 8-6). 

It is important to note that MCLs are designed to be protective of human health in regard to 

ingestion of contaminants in potable water suppUes. Presentiy, the shaUow water bearing zone 

and the deep aquifer (Memphis Sands) contain levels of TCE and DCE as weU as other VOCs 

(in much smaUer quantities and frequency of detection). TCE, DCE, DCA, and PCE have mean 

concentrations exceeding their respective MCLs or drinking water unit risk in several monitoring 

weUs. ShaUow MW-3 represents the highest downgradient TCE concentration (9000 fig/t and 

4400 fxg/e 1,2-DCE) in the shaUow water table. The present City WeUs monitored show no 

exceedence of MCLs (due to air stripping of VOCs). Private weUs monitored also show no 

exceedence of MCLs. Future residents (hypothetical) with on-site weUs would require levels 

of VOCs at or below MCLs. Showering, bathing and inhalation of static water in the toUet bowl 

would not be a significant concem in comparison to direct ingestion, however, the formulae 

shown in Table 8-10 address risk by combining ingestion and inhalation exposures. 

8.5.2 SoU/Sediment Pathway 

Direct soil/sediment exposure (ingestion and/or dermal contact) poses a pathway of potential 

risk:rlUpper;c bound^cancervrisk ;a 

contaminants of concem. A summary of these calculated values for current and future Adult 

Workers is shown in Table 8-11 (see Figures 8-2a and 8-2b). The soil/sediment samples 

indicate that the surface soU had a wide range of contaminant levels with rather defmed areas 

of greater contaminant concentration (east central portion of the Site).* The vast majority of 

Site soU contamination exists within the fenced area. Careful pemsal of the data presented in 

Appendices B through G of this Remedial Investigation reveal approximately 85 % of the Site's 

*rhe mean concentration of the "hotspot" areas were used as per USEPA, RAGS, 12/89. The greatest areas 
of contamination are paved or built on. This is a common pattem of contaminatioa in industrial usage sites. 
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: — = a = ^ ^ = ^ ^ = s ^ ^ = ^ = = = = : = .. --^ . 

•.;•.;.-; TABLE-8-1-1-;•:. 
Summary of Risks for Adult Workers from Oral 
and Dermal Exposure to Contaminants in Soil 

Carrier Site 
CoJKerville, TN 

Soil Contsiminant Level 
(mg/kg)* 

35 

0.077 

0 

0 

0.011 

12" 

S i -

Contmninant 

TCE 

1,2-DCE 

Vinyl Chloride 

DCA 

PCE 

Lead 

Zinc 

Upper Bound Risk Level" 
(or Hazard Index) ^ 

1.0x10"" 

Hl = 7.2x10"* 

0= 

0 

1.5x10"'° 
HI = 1.0x10"^ 

Hl = 2.8x10"' 

HI = 2.3x10"* 

Upper bound Sum cancer risk = 1.0x10"^ 

Upper bound Sum hazard indices = 0.028 

X concentration in all soils within surface contaminated areas (90-95% C.L. was not calculated 
as the data are not normally distributed); for metals X concentration assumed to be in all 
unpaved/uncovered site soils. TCE and 1,2-DCE concentrations are the means for all samples 
collected, at depths of 0 to 5 feet, including screening data from Phase I (see Appendix P). 

HltHazard Index): of/>.1;are.;avcause for concern.; .Upperboundvrisklevels^^^p^^^^^^ 
considered on a case-by-case basis as to their acceptability by the USEPA. 

Approximately 89 ppm of vinyl chloride in soil at this site with these assumptions would equal 
1x10"® risk level. 

Tetrachloroethene (PCE) was identified in one soil sample. 

Lead and zinc concentrations for all samples collected from within five (5) feet of ground surface 
were used to compute mean values. 
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FIGURE 8-2a 

Equation for Calculating Oral and Dennal 
Chronic Exposure Levels 

Carrier Site 

ORAL* 

T.,.-=!,.« ir,iy,ftyy,fyi....\ CSxIRxABSxCFxFIxEFxED In t ake (mg/kg/day) •= BWXAT 

DERMAL 

Absorted dose (mg/kg/day) = C S ^ F ^ S A ^ F ^ S x E F ^ D 

CS = Chemical concentration in soil (mg/kg) 
IR:; =. Ingestion rate (mg soi l/day) 
CF = Conversion factor (10"* kg/mg) 
FI = Fraction ingested from contaminated source (unitless) 
EF = Exposure frequency (days/years) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Average time (period over which e^qjosure is averaged - days) 
SA = Skin surface area available for contact (cm*/event) 
AF = Soil to skin adherence factor (mg/cm^) 
ABS =,Absorption factor (unitless) (equals. 1 for ingestion pathway and 0.01 

for::;the;.dennal.̂ .;coiitact/ peithway. :;:: 

•Oral and dermal doses are additive as the chronic exposure calculations 
for each pathway incorporate an adDsorption factor to arrive at absorbed 
dose from administered dose. The assionption was made that 100% of orally 
ingested containinants are absorbed. As a result, the absorption factor of 
1 was used to convert intake dose to absorbed dose. Similarly, oUi 
absorption factor of 0.01 was used to confute dermal absorbed dose from 
administered dose. The sum is then multiplied by the CPF to obtain the 
upper bound risk. The sum is divided by the RfD to obtain the Hazard Index 
(unitless) for noncarcinogens. 
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B. 

FIGURE 8-2b 

Example C a l c u l a t i o n of T a b l e 8-11 (PCE) 

J _ C S x I R x C F x F I x E F x E D 

D= 

•°-^^"^ BWxAT 

j _ 0 . 0 1 1 x 5 0 x 0 . 0 0 0 0 01x1x250 :^ :7 0 

7 0 x ( 2 0 x 3 5 5 ) 

I = 5 . 4 X 1 0 ' 

r, _ C S x C F x S A x A F x A B S x E F x E D 
absorbed B W x A T 

0 . 0 1 1 x 0 . 0 0 0 0 0 1 x 2 3 0 0 x 2 x 0 . 0 1 x 2 5 0 x 2 0 
7 Ox (2 0 x 7 5 5 ) 

D = 4.95x10-* 

r =:• D-t-iv;- :-v-̂ . 

E = 1.04x10"* 

r R i s k = E X CPF (or E i- RfD) 

T, R i s k = 1,04x10"* + 0 . 0 1 

E R i s k = 1.0x10^ 
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total soU area is not paved. VolatUes in the soU tend to Ue below the paved areas in 'hotspots' 

which constitute ~ 28 % of the total site area. For the puipose of this baseline risk assessment, 

the arithmetic average of the contaminants of concem concentration identified in soU samples 

coUected from depths of zero to five feet (surface soUs) was used for risk computations. AU 

surface soU samples were coUected using the purposive approach, and the "hotspots" for soU 

were delineated. As a result, the "hotspot" approach outlined in USEPA, RAGS, 12/89 was 

used to estabUsh the Reasonable Maximum Exposure (RME) to soU contaminants. This 

approach was justified by assuming conservative estimates for the area of contaminated soUs 

(plant area and lagoon area, ~ 15-20% of the total site area) and that 100% of the soUs ingested 

and/or contacted dermaUy were from the 'hotspot' areas. The handling of the data is consistent 

with the RAGS manual. 

The relevant soU exposure scenarios for this site are considered to be adult workers exposed 

through the combined pathway of ingestion and dermal adsorption of contaminated soU (Table 

8-11). Trespassers would be expected to spend a minimal amount of time on-site compared to 

adult workers and therefore should be adequately protected based on the occupational exposure 

calculations. Future residents and pica chUdren would not be exposed significantiy to VOCs in 

surface soUs (Table 8-12). The 0-1' soUs do not retain VOCs due to volatilization, and as a 

result,<VOCis wouldî not be availablefbr.exposure. Riskcalculations were, however, performed 

using VOC mean values for the upper five (5) feet of soU. These means were appUed to aU 

potential exposure scenarios. Metals concentrations could pose a risk to potential future 

residents and smaU chUdren. These risks are presented in Table 8-12 as Hazard Indices (see 

Figures 8-2a, 8-2b, and Figure 8-3). 

8.5.2.1 Specific SoU Pathway Observations 

TCE accounts for >99% of the total upper bound cancer risk for on-site soUs. The calculated 

Upper Bound Risk Level for Adult Workers was 1.0x10"' whUe the Upper Bound Risk Level 

for Future ChUd Residents was 5.2x10"' (see Tables 8-11 and 8-12, respectively). TCE is found 
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-;:TABLE-;8-12;;.;--;-
Summary of Risks for Potential Future Child Residents from 

Oral and Dermal Exposure to Contamiriffiits in Soil Carrier Site 
Collierville; TN 

Soil Contaminant Level;; 
(mg/kg)' 

35-

0.077-

0 

12' 

0 

0.011 

51 ' 

Contaminant ;: 

TCE 

1,2-DCE 

Vinyl Chloride 

Lead 

DCA 

PCE 

Zinc 

Upper Bound 
RiskUvel^ 

(or Hazard Index) 

5.2x10"" 

Hl = 1.2x10"* 

0' 

HI = 5.0x10"' 

0 

8x10"'° 
HI = 1.7x10"^ 

HI = 3.9x10"^ 

Upper bound Z cancer risk = 5.2x10"^' 

Upper bound Sum hazard indices = 0.5 

' X concentration in all site soils within five (5) feet of ground surface where TCE and/or DCE has 
been identified; assume 100% of Future Child Resident soil exposure is in contaminated area on-
site 

" HI (Hazard Index) of >1 are a cause for concern. Upper bound risk levels of 10"* to 10'* are 
considered on a case-by-case basis as to their acceptability by the USEPA. 

° 1x10'*irisk'i(with.vtheise:assumptions) in soil; ~150;;ppb;vinvl chloride ;. 

" Lead is not bioavailable to humans below approximately 200 ppm in soils. The USEPA has 
recommended a soil lead level of 500 to 1,000 ppm at NPL sites (to protect from direct contact 
and ingestion). A site-specific lead exposure model is currently being tested by the USEPA 
(USEPA/ECAO 6/91, personal conversation with Dr. Harlal Choudhury) 

" TCE and 1,2-DCE data from samples collected prior to the initiation of the Remedial Investigation 
were included. Below detection limit results were not used in the calculation of means. 

' Lead and zinc concentrations for all samples collected from within five (5) feet of ground surface 
were used to compute mean values. 

" Example calc. are the same as Figure 8-2b except child assumptions (Figure 8-3) were used. 

NOTE: It was assumed that in the future the entire site will be unpaved and uncovered. 

212 



Remedial Investigation Report 
Collierville Site 

Revision D 
March 23, 1992 

FIGURE 8-3 
Assumptions for Exposure to Soil Contaminants of Concem 

at the Carrier Site' 
Collierville, Tennessee 

OralExposure 

Daily soil ingestion level 

Fraction of time onsite in 
contaminated area 

Portion of ingested contaminant 
absorbed 

Days per year onsite 

Years onsite 

Body weight 

Lifetime 

Adiilt Worker 

50 mg 

100% (VOCs) 

100% 

250 days 

20 years 

70 kg 

70 years (carcinogens) 
20 years (non-carcinogens) 

Future Child Resident 

200 mg 

100% 

100% 

350 days 

6 years 

15 kg 

70 years.(carcinogens) 
6 years (non-carcinogens) 

vDennal-^Exposure;::;...-:;;;^;;:; •;-;;;::-̂^̂^̂^̂^̂^̂^ 

Skin area contaminated 

Soil adherence per cm^ of skin 

Dermal Absorption Rate 

Days per year onsite 

Years onsite 

Body^weightv ; • 

Lifetime • 

2300 cm^ 

2 mg 

1.0" 

250 days 

20 years 

70 kg . 

70 years (carcinogens) 
20 years (non-carcinogens) 

2430 cm^ 

2 ling 

1.0" 

250 days 

6 years 

15 kg 

70 years (carcinogens) 
6 years (non-carcinogens) 

•USEPA, RAGS, 12/89 and/or USEPA, Std. Default Exp. Factors, OSWER Dir. 9285.6-03, 3/91. 

"VOCs 1.0%; includes soil matrix effect 
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in the greatest concentrations on the east central (historic spill location) and northwest (former 

lagoon area) portions of the Site (approximately 20% of the on-site area). The 

unpaved/uncovered percentage of each source area was computed in order to assess the potential 

for ingestion of or dermal contact with contaminated surface soUs with respect to Adult Workers 

(volatUe contaminants only). As a result of the differences in distribution of metals (lead and 

zinc) compared to volatUe contaminants over the site, the entire unpaved/uncovered fraction of 

the site was used to assess the risk to Adult Workers posed by these parameters. Adult workers 

were assumed to contact the site uniformly. Conservative estimates were made of the total 

exposed areas in which contaminant exposure could occur (based on contaminant distribution). 

The occupational exposure durations calculated for this area of the Site are also conservative. 

It also should be noted that occupational exposures are intermittent and not continuous. This is 

one toxicological basis for the less conservative TLV values versus risk values. Again, the 

conservative assumption of continuous exposure was used and TLVs were disregarded. 

In order to assess the risk to Future ChUd Residents, it was assumed that the entire site would 

be uncovered and unpaved in order to estabUsh conservative exposure estimates (for both 

volatUes and metals). For calculation ofthe risk to Future ChUd Residents, it was also assumed 

that-100% of the ingestion, and dermal contact exposures would occur within contaminated 

surface soU zones.; This is a WgUy conservative assumptiony however; it serves to provide:̂ ^ 

additional buffer factor with respect to computed risk to Future ChUd Residents. 

The average value of each contaminant in soU samples coUected from the upper five (5) feet of 

soU was used to assess risk. This value was used in order to provide a more representative 

assessment of the Upper Bound Risk Level (or Hazard Index) as it is not reasonable to expect 

contact with contaminated soUs below this depth during normal occupational or residential 

activities. The potential does exist for short-term occupational exposure to soUs at or near a five 

(5) foot depth in the event of required maintenance or repair work associated with underground 

UtUities. Because these exposures are likely to be of short duration, it was determined that the 

214 



Remedial Investigation Report 
Collierville Site 

Revision D 
March 23. 1992 

Adult Worker soU ingestion and dermal contact exposure scenarios would be protective of 

workers exposed under these atypical conditions. 

The assumptions used for computing exposure to soU contaminants are provided in Figure 8-3. 

8.5.2.2 SoU Cleanup Levels for Groundwater Protection 

USEPA Center for Environmental Assessment Modelling (CEAM) provided their Exposure 

Assessment Multimedia Model (MultiMed) for use in determining necessary soU clean-up levels 

for protection of groundwater. The MultiMed model is used to predict groundwater contaminant 

concentrations downgradient from a landfiU source based on "leachate" concentrations. If 

acceptable contaminant levels are known for the downgradient groundwater plume, initial 

acceptable leachate concentrations can be found by MultiMed through trial and error input. 

Acceptable leachate concentrations can then be used to derive acceptable soU clean-up levels 

using contaminant mass balance data and vadose zone characteristics. 

The conceptual site model for the ColUerviUe NPL site (as developed in the RI) was used as the 

basis for assessing the potential for contaminant migration to the underlying Memphis Sands 

aquifer. The computed soU cleanup goal for groundwater protection is 500 /xg/kg TCE. This 

is theaverage: 5oU;;concentrationi(within soUvContaminantv'hot spots'X which must beachieyed?. 

to ensure that contaminant (TCE) concentrations in the Memphis Sands do not exceed appUcable 

ARARs (i.e. MCL). SoU 'hot spots' as defined herein encompass approximately 20 percent of 

the total site area. 

The results of the appUcation of MultiMed and contaminant mass balancing for the determination 

of soU cleanup goals at the CoUierviUe NPL site are presented in Appendix R. 

215 



Remedial Investigation Report 
Collierville Site 

Revision D 
March 23. 1992 

8.6 Ecological Considerations 

No U.S. Dept. of Interior lands or federaUy Usted endangered species of wUdlife were identified 

at the Site. 

The nature of the Site is such that avian or terrestrial wUdlife would not be drawn to the Site. 

Dr. Jim Payne and Chester Fiegel of Memphis State University performed a Umited ecological 

smdy found in the 1990 RI for this site (see Section 7 of the RI). Data to date indicate no 

significant adverse ecological impacts from the present soU or groundwater contamination. This 

preliminary survey does not mle out ecological impacts to aquatic and terrestrial species through 

contaminated food chain mechanisms. However, TCE is not biocumulative and as a result, it 

is not expected to cause deleterious food chain effects based on currentiy available data. 

8.7 Risk Uncertainty 

There is a generaUy recognized uncertainty in human risk values developed from experimental 

data. This is primarUy due to the uncertainty of data extrapolation in the areas of (1) high to 

low dose exposure, and (2) animal data to human experience. The site-specific uncertainty is 

maiiUy in the degree of accuracy of the exposure assumptions. Most of the assumptions used 

in this and any risk assessment have not been verified. For example, the degree of chemical 

absorption frbro/the; gut or throtigh the skin, or the amount of soil contact is not^ta 

certainty. Accepted default values provided in USEPA guidance were used here. However, it 

should be noted that Uttie data or guidance is available on the dermal absorption of particulate-

adsorbed contaminants. In the risk assessment conducted for the Site, the dermal pathway 

yielded a significant contribution to the calculated direct exposure risks (an overestimate of risk). 

In the presence of such uncertainty, the USEPA and the risk assessor has the obUgation to make 

conservative assumptions such that the chance is very smaU for the actual health risk to be 

greater than that tietermined through the risk process. On the other hand, the process is not to 

yield absurdly conservative risk values that have no basis in reaUty. That balance was kept in 
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mind in the development of exposure assumptions and pathways and in the interpretation of data 

and guidance for this baseline risk assessment. 

8.8 Risk Summary 

The primary exposure pathways for contaminants present at this NPL site were determined to 

be: 

• Direct ingestion of contaminated soUs by the current AduU Worker population and Future 

ChUd Residents of the site. 

• Dennal contact with contaminated soUs by the current Adult Worker population on-site 

and Future ChUd Residents of the site. 

• Ingestion of contaminated groundwater and inhalation of contaminants volatilized from 

groundwater (without treatment) which has been impacted by past contaminant releases 

onsite for both current and future residents. 

The major soU contaminants are not uniformly distributed over the site surface but exist in areas 

of varying concentrations. This pattem of contaminant distribution was managed for risk 

assessment purposes by considering the risk from exposure to the unpaved/uncovered portions 

of the site which have been shown to have soU contamination in the upper five (5) feet of soU. 

Conserifative:estimateSipf thetotal; area of the site which has rsurf^ 

to assess current Adult Worker exposure to volatUe contaminants of concem (100%). The entire 

unpaved/uncovered area ofthe site was used to assess the risk to Adult Workers posed by metals 

(lead and zinc) in the site surface soUs (assuming homogeneous metals concentrations over the 

entire unpaved/uncovered portion of the site). In both instances (for Adult Worker exposure), 

the workers were assumed to contact the site uniformly (see Section 8.5.2.1). In order to assess 

the risk posed by the site to Future ChUd Residents, it was assumed that the entire site wiU be 

unpaved and uncovered, and tbat aU potential ingestion and dermal contact exposures would 

occur within contaminated surface soU zones. 
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The mean concentration of a contaminant found in samples coUected in the upper five (5) feet 

of soU was considered as the exposure level (for both soU ingestion and dermal contact 

scenarios). 

The result of the risk calculation for the major soU contaminants, using the above stated 

assumptions, are shown in Tables 8-11 and 8-12. In Table 8-11, the risk to workers from the 

major contaminants of concem is shown. In Table 8-12, the risk to future chUd residents is 

shown. Since the risk values represent a fraction of time exposed uniquely to a contaminant in 

the contaminated areas the sum of these risk values (5.2x10 '̂) approximates the chUd's upper 

bound risk. This value does not represent the total risk from the Site since neither 100% of a 

future chUd resident's on-site time nor exposure to aU site contaminants are accounted for. 

However, the remaining unaccounted risk is presumed to represent an insignificant additional 

risk. Vinyl chloride has been determined to pose Uttie or no current risk to human health due 

to the infrequency of deiection and low concentrations identified. 

These data indicate that exposure to contaminated surface soUs onsite does not pose an upper 

bound risk level greater than the 10^ point of departure for current site workers or future 

resident chUdren onsite. The Site does not pose a risk greater than the accepted range of 10^ 

to :10 îfbr̂ onsite;iCurrent or^fiiture; woricers. 

The Hazard Index values as shown (Tables 8-11 and 8-12) indicate that on-site exposures would 

not result in noncancer toxicity to the current adult workers or fiiture chUd residents on-site. 

As a result, lead and zinc are not considered to pose a significant health risk from the standpoint 

of soU ingestion or dermal contact. 

Table 8-10 shows that, assuming worst-case conditions, Site groundwater may pose a significant 

carcinogenic and non-carcinogenic risk to current and future residents. The upper bound cancer 

risk to current residents posed by the groundwater exposure pathway is 2.5xl(r*. The Hazard 
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Indices for lead and zinc are 3.2 and 0.87, respectively under the current resident scenario. 

These values indicate that a non-carcinogenic risk may be posed to current residents (lead). 

Maximum contaminant concentrations in untreated CoUierviUe municipal weU system water were 

used to compute current risk (and hazard indices). 

The upper bound cancer risk to future site residents from the groundwater exposure pathway is 

4.7x10^. The hazard indices for DCE, lead and zinc are 0.33, 4.1, and 0.82, respectively under 

the fiiture resident scenario. The contaminant concentrations (RMEs) used to compute risk (and 

hazard indices) to fiiture site residents were the 95 % upper confidence limit mean values for aU 

deep monitoring weUs computed over three quarterly sampling periods. As a result, the risk 

levels computed are highly conservative estimates. 

It is worthy of mention that lead concentrations (which pose the primary non-carcinogenic risk) 

observed in the Memphis Sand monitoring weUs are not significantiy different than those 

observed in background weUs. The 95 % upper confidence limit mean for lead in weUs CMW-

001 and CMW-002 (background weUs) over the same monitoring period was 0.061 mg/L (versus 

0.060 mg/L in the Memphis Sand weUs). The maximum concentration of lead observed in 

untreated municipal weU system water was 0.045 mg/L (over the same sampling period). As 

a result;.^the;\hazardiindices iconipiited; for: lead; (under; current'and future exposure scenarios);̂ , 

cannot be directiy attributable to the site, and may result from the natural lead content of the 

aquifer material or non site-related anthropogenic sources. Appendix P provides data tables and 

statistics used to estabUsh RMEs as weU as background weU 95% upper confidence limit 

determinations. 

The shaUow water bearing zone is not currentiy used as a source of potable water nor is it 

anticipated to be used as a potable source in the future. Therefore, it was not considered a 

viable future e^^sure pathway. 
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The Memphis Sands aquifer which Ues below the shaUow water bearing zone (separated by the 

Jackson clay unit) is used as a potable water source for the City of ColUerviUe. Engineering 

controls (i.e. air stripper) are currently in place on the ColUerviUe municipal weU system to 

remove contaminants prior to distribution. As a result, actual current resident exposure to 

groundwater contaminants is negUgible. 

In Ught of the current and potential future groundwater uses, efforts should be made to preclude 

the migration pf volatUe contaminants from the shaUow water bearing zone to the Memphis 

Sands in order to maintain (and over time enhance) the quaUty of the Memphis Sands aquifer. 

8.9 Remediation Goals 

8.9.1 SoU Cleanup Levels for Direct Exposure 

Tables 8-11 and 8-12 show that no risk exists on-site for direct soU exposure for the VOC 

contaminants of concem for a 10"* to 10* point of departure under current conditions. These 

levels were derived using the oral and dermal exposure assumptions utUized in the equations 

shown in Figure 8-3 to calculate the upper bound risks for volatUe contaminants at the Site. 

Although inorganic parameters were shown to pose Uttie or no human health risk on-site, hazard 

indices{werevcQmputedforleadvandziricv; The:,highestHazard^Index value (5;0x10"') qjpUed;to-; 

the combined ingestion/dermal contact exposure scenario for lead appUed to Future ChUd 

Residents. Hazard Indices greater than unity (> I) would represent a cause for concem. With 

respect to lead, it has been reported that soU lead is not bioavailable below a concentration of 

200 mg/kg. In Ught of the combined Hazard Index and lead bioavailabiUty data, it has been 

determined that lead in site surface soils does not pose a significant health risk to Future ChUd 

Residents. The non-carcinogenic risk posed by zinc in soUs was considerably lower (3.9 x 10"̂ ) 

than that posed by lead. 
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The remediation of surface and deep soUs is not necessary to reduce the total risk from direct 

exposure (ingestion or dermal contact) to aU site soU contaminants as the present levels are 

insignificant. 

8.9.2 SoU Cleanup Levels for Groundwater Protection 

USEPA's Center for Environmental Assessment Modelling (CEAM) provided their Exposure 

Assessment Multimedia Model (MultiMed) for appUcation at the ColUerviUe NPL site. The 

model was used in conjunction with traditional contaminant mass partitioning formulae to 

determine the soU cleanup goals necessary for protection of Memphis Sands aquifer quaUty.̂  

Based on site-specific soU and hydrogeologic conditions, a soU cleanup goal of 533 (ig/kg TCE 

was determined to be protective of the Memphis Sands aquifer. The goal is appUcable to the 

contaminant source areas ('hot spots') previously discussed. Remedial efforts need only focus 

on a limited portion of the site as soU contaminants are restricted to approximately 20 % of the 

total site area. ., 
m 

AU discussions regarding MultiMed input variable selection, model outputs and soU cleanup.goal 

calculations are provided in Appendix R. 

8.9«Ji:;!GrQundwater Cleanup Levels-

The upper bound sum of cancer risks for current residents and future Site residents posed by the 

groundwater exposure pathway are 2.5x10^ and 4.7x10" ,̂ respectively. These risk levels are 

significantiy above the 10^ point of departure but were calculated using highly conservative 

exposure assumptions. The Hazard Indices for lead and zinc are 3.2 and 0.87, respectively for 

current residents. These values indicate that lead may pose a significant non-carcinogenic risk 

(under the assumed current exposure conditions). The future resident hazard indices are 0.33, 

Contaminant partitioning equations firom USEPA's Determming SoU Response Action Levels Based on 
Potential Contaminant Migration to Groundwater: A compendium of Examples, USEPA, OERR, EPAJ540/2-
89/057, October 1989. 
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4.1, and 0.82 for DCE, lead and zinc, respectively. Again, these values indicate that lead may 

pose a non-carcinogenic risk to future site residents obtaining potable water from the Memphis 

Sand aquifer. 

As discussed earUer (Section 8.8), observed groundwater lead concentrations are not significantiy 

elevated in comparison with background weU concentrations (when comparing the 95 % upper 

confidence limit means of each population). As a result, the hazard indices computed for lead 

cannot be attributed to the site. 

The 95 % upper confidence Umit mean (over three sampling periods) from monitoring weUs in 

the Memphis Sand aquifer were used to compute risk (or hazard indices) to future risk residents. 

The maximum concentration of each contaminant of concem identified in untreated ColUerviUe 

municipal weU system water was used to compute current resident risk (and hazard indices). 

95 % upper confidence limit means were not computed for municipal weU results due to a lack 

of sufficient degrees of freedom (1) for reasonable statistical assessment. This approach was 

taken based on USEPA recommendations and in accordance with USEPA, RAGS guidance on 

determining the reasonable maximum exposure (RME). 

At theCoUieryiUe NPL site, these conservative: assumptions are not a.tme representati 

existing or reasonable future exposure scenarios. Engiiieering controls (i.e. air stripping) are 

currentiy in place on municipal weUs which supply potable water to the City of ColUerviUe. The 

municipal weUs are screened in the Memphis Sand aquifer which has been indirectiy impacted 

by the ColUerviUe site. Based on the conceptual site model developed in this report, there are 

two sets of groundwater cleanup goals. The first set were discussed in Section 8.9.2. Source 

area soU contaminant concentrations must be reduced to ensure that infiltrate passing through 

the source areas produces leachate of sufficient quaUty to prevent the degradation of the 

underlying Memphis Sands aquifer. 
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The second set of cleanup goals are the maximum contaminant limits (MCLs) as set forth by the 

Safe Drinking Water Act (Table 8-9). These represent the maximum concentrations of 

contaminants which may be present if a water source is to be used for potable purposes. The 

MCLs are currentiy met through the appUcation of engineering controls. Administrative controls 

currently in place (i.e. permitting requirements) preclude the constmction of potable water weUs 

in the area without notice or permit. As a result, the potential for exposure to site related 

groundwater contaminants (at or near the concentrations used for risk computations) is not 

feasible under existing conditions. 

223 



Remedial Investigation Report 
Collierville Site 

Revision D 
March 23, 1992 

8.10 References 

1 Beljin, M.S., 1985. OneDl. Analytical One Dimensional Solute Transport Model, 
Intemational Ground-Water Modeling Center, Indiana. 

2 Dean, J. A., Editor, 1983. Lange's Handbook of Chemistry, Eleventh Edition, McGraw-
HUl, New York. 

3 Lide, D.R., Editor, 1989. CRC Handbook of Chemistry and Physics, 70th Edition, CRC 
Press, Inc., Boca Raton, Florida. 

4 Sax, N.L, and R.J. Lewis, Sr., 1989. Dangerous Properties of Industrial Materials, 
Seventh Edition, Van Nostrand Reinhold, New York. 

5 Sims, R.C. et al, 1988. Soil Transport and Fate Computer Database, Utah State 
University, Logan, Utah. 

6 USEPA, 1984. Leaching Evaluation of Agricultural Chemicals Handbook by J.D. Dean 
et al, EPA-60P/3-84-068. 

7 USEPA, 1986. Superfimd PubUc Health Evaluation Manual, EPA/540/1-86/060, EPA 
Office of SoUd Waste and Emergency Response, Washington, D.C. 

8 USEPA, 1987. Handbook: Responding to Discharges of Sinking Hazardous Substances, 
EPA/540/2-87/001. 

9 GrahamvDVD; and WSv Parks, 1986: vPofenrifl/y^ Principal 
Aquifers in the Memphis Area^ Tennessee. U.S. Gwlogical Survey, Water Resources 
Investigations Report 85-4295. Memphis Tennessee. 

10 Criteria for Selection of Groundwater Exposure fissessment Models, OHEA-E-219, 
USEPA, 2/1987. 

11 DouU, J., CD. Klaassen, M.O. Amdur, Editors, 1980. Toxicology: The Basic Science 
of Poisons. MacMillan PubUshing Company, Inc., New York, New Yoiic. 

12 Endangerment Assessment Handbook USEPA/OWPE, TR-693-24B, 10/1985. 

13 Genercti Quantitative Risk fissessment Guidelines for Noncarcinogenic arui Nonmutagenic 
HeaUh Effects. USEPA/RAF, Third Draft, 2/1988. 

224 



Remedial Investigation Report 
Collierville Site 

Revision D 
March 23. 1992 

14 Guidance for Establishing Target Clean-up Levels for Soils at Hazardous Waste Sites, 
USEPA/ORD, 1989. 

15 Hazard Evaluation Division Standard Evaluation Procedures: Ecological Risk 
Assessment, USEPA/OPP, EPA 540/9-85-001, 6/1986. 

16 Health and Environmemal Effects Profiles and Documents, USEPA/OHEA/ECAO, 1984-
1990. 

17 Health Effects Assessments, USEPA/OHEA/ECAO, 1984-1988. 

18 Integrated Risk Information System, On-Line, USEPA Risk Data Base (updated monthly). 

19 US Geological Survey, 1986. Potential for Leakage Among Principal Aquifers, Water 
Resources Investigations Report 85-4295. 

20 Verschueren, K., 1977. Handbook of Environmeraal Data on Organic Chemicals, Van 
Nostrand Reinhold, New York. 

21 Walton, W.C, 1985. Practical Aspects of Ground-Water Modeling, Second Edition, 
National Water WeU Association, Worthington, Ohio. 

22 WindhoLz, M., Editor, 1983. The Merck Index, Tenth Edition, Merck & Co., Rahway, 
Ixew Jersey. 

23 U.S. Environmental Protection Agency, 1986. 2 GuideUnes for Risk and Health 
yiweMwenis (̂in 5, a ^ 

24 U.S. Environmental Protection Agency, 1988a. Superfund Exposure Assessment Manual. 
OSWER Directive 9285.5-1, EPA/540/1-88.001, April 1988. 

25 U.S. Environmental Protection Agency, 1988b. Guidance for Conducting Remedial 
Investigations and FeasibiUty Stupes Under CERCLA, Interim Final. OSWER Directive 
9355.3-01. EPA/540/G-89/004, October 1988. 

26 U.S. Environmental Protection Agency, 1989. Risk fissessment Guidance for Superfund, 
Volume 1, Human Heahh Evaluation Manual Pan A, Interim Final. EPA/540/1-89/002. 
December 1989. 

225 



Remedial Investigation Report 
Collierville Site 

Revision D 
March 23, 1992 

27 U.S. Environmental Protection Agency, 1990. National Oil and Hazardous Substances 
Pollution Contingency Plan; Final Rule. EPA/540/1-89/002. December 1989. Federal 
Register V55:46 pg 8666-8865, March 8, 1990. 

28 National Science Foundation, Division of PoUcy Research and Analysis. Risk Assessment 
and Risk Assessment Methods: The State-of-the-Art. NSF/PRA 84016, 1985. 

29 Nonexposure Aspects of Risk Assessment, EPA Contract #68-02-4254-75, OTS, 1988. 

30 Office of Science and Technology PoUcy, Interagency Staff Group on Chemical 
Carcinogenesis, Executive Office of the President. Chemical Carcirwgens: A Review of 
the Science and its fissociated Principles. Federal Register 50:10372-10442, 1985. 

31 Rapid fissessmeru of Potential Groimdwater Coruamination under Emergency Response 
Conditions, EPA 600/8-83-030, 11/1983. 

32 Toxicology Handbook USEPA/OWPE, Tr-603-21A, 10/1985. 

33 Toxicological Profiles, ATSDR/DCD, 1987-1988 (Select Chemicals: BHC, DDT, DDD 
and DDE). 

34 USEPA. Proposed GuideUnes for Mutagenicity Risk fissessment. Federal Register 
49:46313-46321, 1984c. 

35 USEPA. Proposed Guidelines for the health fissessment of suspect Developmental 
Toxicants. Federal Register 49:46323-46331, 1984d. 

'i(y y\JSEPm:Fate<ofPriority:PoUutamsinPOTWs::ypisia^^^^ 
303, Sept. 1982. 

37 USEPA. Water Related Environmemal Fate of 129 Priority Pollutants, Vol. 1, EPA 
440/4-79-029a, Dec. 1979. 

38 USEPA. Aquatic Fate Process Data for Organic Priority Pollutants, Final Repon, 
OWRS, 1982. 

39 Graham, D.D., 1982. Effects of Urban Developmem on the Aquifers in the Memphis 
Area, Tennessee. U.S, Geological Survey, Water Resources Investigations Report 82-
4024. Memphis, Tennessee. 

226 



Remedial Investigation Report 
Collierville Site 

Revision D 
March 23, 1992 

40 Bradley, M. W., 1987. Evidence of Vertical Leakage to the Memphis Sand Aquifer Near 
the SheUyy County LandfiU, Memphis, Tennessee. U.S. Geological Survey, Open-FUe 
Report 88-322. 

41 Gushing, E.M., E.H. BosweU and R.L. Hosman, 1964. General Geology ofthe 
Mississippi Embayment. U.S. Geological Survey, Professional Paper 448-B. 

42 Hosman, R.L. et al., 1968. Tertiary Aquifers in the Mississippi Embayment. U.S. 
Geological Survey, Professional Paper 448-D. 

43 Moore, G.K., 1965. Geology and Hydrology of the Claibome Group, Westem 
Tennessee. U.S. Geological Survey, Water-Supply Paper 1809-F. 

44 Byard, J.L., 1989. TTie Risk fissessmem of Environmemal and Human HeaUh Hazards: 
A Textbook of Case Studies. John WUey and Sons, pp. 334-337. 

227 



ATTACHMENT A 



U. S. E N V I R O M M E U T A L P R O T E C T I O N A C E M C Y 

E X P O S U R E A S S E S S N E M T 

M U L T I M E D I A H O O E L 

MULTIMED (Version 1.01, Jurw 1991) 

Run options 

CARRIER COLLIERVILLE 

Chemical sinulated is TCE 

Saturated zone model 
MONTE 

Option Chosen 
Run was 
Infiltration input by user 
Nunber of monte carlo siBulations 200 
Run was steady-state 
Reject runs if T coordlnat* outside pluM 
Oo not reject rtriM if Z coordinate outside pluot 
Gaussian source used in saturated zone model 

CHEMICAL SPECIFIC VARIABLES 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS 
MEAN STD DEV 

LINITS 
MIN MAX 

Solid phase decay coefficient 
Dissolved phase decay coefficient 
Overall chemical decay coefficient 
Acid catalyzed hydrolysia rate 
Neutral hydr«ly«is rate conatant 
Base catalyzed hydrolysis rate 
Reference temperatur* 
Normalized distribution coefficient 
Distribution coefficient 
Biodegradation coefficient (sat. zone) 
Air diffusion coefficient 
Reference tcoperattire for air diffusion 
Molecular weight 
Mole fraction of solute 
Vapor pressure of solute 
Henry*s law constant 
Overall 1st order decay sat. zone 
Not currently used 
Not currently used 

Vyr 
1/yr 
Vyr 
l/M-yr 
Vyr 
l/M-yr 
C 
•l/B 
•-
Vyr 
cmZ/s 

1 C 
g/N 
--
na Hg 

ata-a^3/N 
Vyr 

CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
DERIVED 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
DERIVED 
CONSTANT 
CONSTANT 

O.OOOE+OO 
0.0OOE-K)O 
O.OOOE-K)0 
O.OOOE^OO 
0.0OOE«OO 
O.OOOE-KW 
25.0 
0.126E-»09 
-999. 
0.000E-»OO 
0.0OOE-K)O 
25.0 
131. 

0.123E-05 
74.0 

0.110E-01 

-999. 
-999. 
-999. 
-999. 
-999. 
-999. 
•999. 
-999. 
-999. 
-999. 
-999. 
-999. 
-999. 
•999. 
-999. 
•999. 

O.OOOE^OO 0.0OOE-M)O 
-999. 
-999. 

•999. 
-999. 

0.0OOE-H)O 
0.00OE-K)O 
O.OOOE-fOO 
0.000E-H)O 
0.000E-H)O 
0.000E4OO 
O.OOOE^OO 
O.OOOE-fOO 
O.OOOEfOO 
O.OOOE-KX) 
O.OOOEfOO 
O.OOOEXW 
0.0OOE-»OO 
0.100E-08 
0.000E4-OO 
0.100E-09 
0.00OE-K)O 
0.00OE-K)O 
0.00OE-»OO 

0.100E*11 
0.100E+11 
0.1006*11 
-999. 
-999. 
-999. 
100. 

-999. 
0.100E+11 
-999. 
10.0 
100. 

-999. 
1.00 
100. 
1.00 
1.00 
1.00 
1.00 

SOURCE;SPECIFIC VARIABtESr 

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS 
MEAN STO DEV 

LIMITS 
MIN MAX 

Infiltration rste 
Area of waste disposal unit 
Duration of pulse 
Spread of contaainant sourca 
Recharge rate 
Source decay conatant 
Initial concentration at lar«dfill 
Length scale of facility 
Width scale of facitity 
Near field dilution 

*^yr 
•*2 
yr 
• 
•/yr 
Vyr 
00/1 
• 
• 

UNIFORM 
CONSTANT 
CONSTANT 
DERIVED 
CONSTANT 
CONSTANT 
NORMAL 
DERIVED 
DERIVED 
DERIVED 

0.450 
0.200E405 
-999. 
33.3 
O.OOOE^OO 
O.OOOE>00 
0.330E-01 
200. 
200. 
1.00 

-999. 
-999. 
-999. 
-999. 
-999. 
-999. 
0.760E-01 
-999. 
-999. 
O.0OOE-H)O 

0.157 
0.100E-01 
0.100E-08 
0.100E-08 
O.OOOE-KW 
0.0OOE-K)O 
0.500E-02 
0.100E-08 
0.100E-08 
O.OOOE-KW 

0.450 
-999. 
-999. 
O.IOOE^II 
0.1006*11 
-999. 
0.240 
0.1006*11 
0.1006*11 
1.00 



AQUIFER SPECIFIC VARIABLES 

VARIABLE NAME UMITS DISTRIBUTION PARAMETERS 
MEAN STD DEV 

LIMITS 
HIN MAX 

cm Particle diameter 
Aquifer porosity 
Bulic density 
Aquifer thiclcness 
Source thiclcness (mixing zone depth) 
Conductivity (hydraulic) 
Gradient (hydraulic) 
Groundwater seepege velocity 
Retardation coefficient 
Longitudinal dispersivity 
Transverse dispersivity 
Vertical dispersivity 
Temperature of aquifer 
pH 
Organic carbon content (fraction) 
Uell distance from site m 
Angle off center degree 
Uell vertical distance n 

0 Values generated which exceeded the specified bowls. 

g/cc 
m 
ID 

m/yr 

m/yr 

• 
la 
m 
C 

RESULTS 

CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
UNIFORM 
UNIFORM 
DERIVED 
DERIVED 
FUNCTION 
FUNCTION 
FUNCTION 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 

OF X 
OF X 
OF X 

0.500E-01 
0.350 
1.86 
1.00 
1.00 

0.320E*04 
0.300E-01 
-999. 
-999. 
-999. 
•999. 
1.00 
17.0 
5.50 
0.130E^02 
100. 
0.0006*00 
0.0006*00 

-999. 
-999. 
-999. 
-999. 
-999. 
-999. 
-999. 
-999. 
-999. 
-999. 
-999. 
•999. 
-999. 
-999. 
•999, 
•999. 
-999. 
-999. 

CARRIER COLLIERVILLE 

CASE 

SATURATED ZONE TRANSPORT 
LEE THOMAS RESPONSE RUN 

0,100E-08 
O.IOOE^OS 
O.IOOE-OI 
Q.100E-08 
O.IOOE^OS 
320. 
0.300 
0.100E^09 
1.00 
•999, 
-999. 
-999. 
0.0006*00 
0.300 
0.1006-05 
1.00 

0.0OOE*OO 
0.00OE*OO 

100. 
0,990 
5,00 
0,100E*06 
0.100E*06 
0.320E+05 
0,500 
0.1006*09 
0.100E+09 
•999. 
•999. 
•999. 
100. 
14.0 
1.00 
•999. 
360. 
1.00 

95. PERCENT CONFIDENCE INTERVAL 

N - 200 
MEAN - 0.U1E-02 
STANDARD DEVIATION > 0.245E-02 
COEFFICIENT OF VARIATION « 1,74 
MINIMUM VALUE ' 0.444E-04 
MAXIMUM VALUE > 0.263E-01 
50th PERCENTILE » 0.685E-03 
80th PERCENTILE ' 0.1816-02 
8Sth PERCENTILE - 0.225E-02 
90th PERCENTILE > 0.337E-02 
95th PERCENTILE - 0.502E-02 

0.603E-03 
0.143E-02 
0.181E-02 
0,241E-02 
0.385E-02 

0.790E-03 
0.241E-02 
0.318E-02 
0.429E-02 
0,737E-02 

-999 UNABLE TO COMPUTE CONFIDENCE BOUND OUE TO INSUFFICIENT DATA 

VALUE X OF TIME EQUALLED X OF TIME IN INTERVAL 
OR EXCEEDED , - . • 

0.444E-04 

0.267E-02 

0,530E-02 

0.793E-02 

0.1066-01 

0.132E-01 

0.158E-01 

0.184E-01 

0.211E-01 

0,237E-01 

0.263E-01 

100.000 

12.000 

4,000 

1,000 

1.000 

1.000 

0.500 

0.500 

0.500 

0.500 

0.500 

88.000 

8.000 

3.000 

0.000 

0.000 

0.500 

0.000 

0.000 

0.000 

0.000 
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20 

0 +• 
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* 0.1E*00 
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CONCENTRATION 
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CONCENTRATION: 



FOLLOWING GRAPHS ARE.FOR THE TOP 20X Of THERESULTS 
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CARRIER SHALLOW GROUNDWATER DATA 
URCE ZONE WELLS) 

r . \ SUMMARY 

.MW# 

IB 

CONC 

(PPB1 

::o 
:-9o 

380 

305 

300 

330 

620 

490 

790 

S20 

340 

500 

420 

760 

440 

+40 

77 

130 

310 

320 

490 

940 

1100 

580 

760 

850 

MW# 

3 

CONC 

(PPB) MW# 

2400 5 

3400 

2500 

1800 

4100 

1600 

2«)0 

5200 

3300 

3100 

2500 

8000 

2600 

1300 

5400 

2900 

5000 

6000 

6200 

;;800 

5000 

CONC 

(PPB) MW# 

260 9 

1200 

1900 

4800 

3200 

3100 

"'700 

9000 

4500 

6500 

8200 

4200 

4700 

1500 

760 

7500 

4600 

5600 

11000 

4400 

7300 

CONC 

(PPB) 

20 

30 

MW 

15 

CONC 

(PPB) 

38000 

150000 

120000 

59000 

940 

19000 

55000 

20000 

120000 

5900 

64000 

140000 

MW 

29 

CONC 

(PPB) 

0 

0 

MW# 

31 

CONC 

(PPB) 

238 

55 

MW# 

35 

CONC 

(PPB) 

0 

0 

.AVERAGED DATA SIJMMARY 

IW# 

IB 

3 

5 

9 

15 

29 

31 

35 

CONC 

(PPB) 

504 

3948 

4591 

25 

65987 

0 

172 

0 

9403 = 9.4 PPM 



- FLUSHING COEFFICIENT CALCULATION SUMMARY fln: Min,TrrAR.WQl 

KiNOWN DATA ENTER 
VALUE UNITS 

IMII 

Xlch = INITLAL LEACHATE CONCENTRATION 
XsoiUinit) = INFITAL SOIL CONCENTRATION 

9.40E-I-00 mgA 
I.52E-(-02 mg/kg 

Vperc' = PERCOLATE VOLUME PER YEAR 

Kwad = VERTICAL HYDRAULIC CONDUCTIVITY 
Dvad = THICKNESS OF VADOSE ZONE 
Vsoil = VADOSE ZONE SOIL VOLUME 

1.45E-(-05 ft-"3/yr 

3.30E-KX) ft/yr 

5.00E-)-01 ft 
6.53E-i-07 ft-"3 

Ch2o 

n 

J 

= WATER MASS BALANCE COEFFICIENT 
= POROSITY OF VADOSE ZONE 
= SPECmC WEIGHT OF SOIL 

192E-01 DIMENSIONLESS 

3.50E-01 DIMENSIONLESS 

2.65E-K00 g/ml 

CALCULATED RESULTS 
= PERCOLATE VOLUME PER YEAR 
= PERCOLATE RETENTION TIME 
= PERCOLATE RETENTION VOLUME 

= VADOSE ZONE SOIL VOLUME 

= MASS OF CONTAMINANT IN PERCOLATE 
= MASS OF CONTAMINANT IN SOIL 
= MASS OF SOIL IN VADOSE ZONE 

= CALCULATED FLUSHING COEFFICIENT 

Vperc' 
Tperc 
Vperc 

Vsoil 
Mconperc 
Mconsoil 
Msoil 

Fal 
INDEX OF FORMULAS 

4.11E-»-06 l/yr 
1.52E-i-01 yr 
6.22E-I-07 1 

1.85E-»-09 1 
5.85E-I-08 mg 

4.85E-»-ll mg 
3.19E-i-09 kg 

4.14E-03 DIMENSIONLESS 

Tperc Dvad Fcal Mconperc 

Kwad Ch2o * Mconsoil 

Vperc Tperc • Vperc* •Msoil = Vsoil • g * (1 - n) 

Mconperc = Xlch • Vperc Mconsoil = Msoil * Xsoil 

NOTE: • INITIAL LEACHATE CONC F/AUGUST,199LGW ANALYTICAL DATA FOR WELLS 

SCREENED NEAR THE JACKSON CLAY SURFACE WITHIN THE SOURCE ZONE. 

• EXISTING SOIL CONCENTRATION (MEAN) FROM TABLE 8-6, REMEDIAL 

INVESTIGATION, JUNE, 1991 



_ TARGET LEVELS FOR SOIL CLEAN-UP nn: MLTLTrTAR.WQl 

KNOWN DATA ENTER 
VALUE UNITS 

n i n 

3.30E-02 
1.45E-I-05 
3.30E-I-00 

5.00E-I-01 
6.53E-I-07 

2.92E^01 

4.14E^03 
3.50E-01 

2.65E-I-00 

mg/L 
h^3/yT 
ft/yr 
ft 
ft^3 
DIMENSIONLESS 

DIMENSIONLESS 
DIMENSIONLESS 

g/ml 

Xlch = ALLOWABLE LEACHATE CONCENTRATION 
Vperc' = PERCOLATE VOLUME PER YEAR 
Kwad = VERTICAL HYDRAULIC CONDUCTIVITY 
Dvad = THICKNESS OF VADOSE ZONE 
Vsoil = VADOSE ZONE SOIL VOLUME 

Ch2o = WATER MASS BALANCE COEFHCIENT 

Fcal = CALCULATED FLUSHING COEFHCIENT 
n = POROSITY OF VADOSE ZONE 
g = SPECmC WEIGHT OF SOIL 

CALCULATED RESULTS 

Vperc* = PERCOLATE VOLUME PER YEAR 
Vsoil = VADOSE ZONE SOIL VOLUME 

4.11E-I-06 L/yr 
1.85E-)-09 L 

Tperc = PERCOLATE RETENTION TIME 
Vperc = PERCOLATE RETENTION VOLUME 

1.52E-1-01 yr 
6.22E-I-07 L 

Mconperc = MASS OF CONTAMINANT IN PERCOLATE 
Mconsoil = MASS OF CONTAMINANT IN SOIL 
Msoil = MASS OF SOIL IN VADOSE ZONE 

2.05E-I-06 mg 
1.70E-i-09 mg 
3.19E-I-09 kg 

Xsoil r ; s^TARGETLEVEL FOR SOIL CLEAN-U?.: 

= TARGETLEVEL FOR SOIL CLEAN-UP 
5J3E-0L mg/kg^ 

533 ppb 

INDEX OF FORMULAS 

Tperc Dvad 

Kwad 

Mconsoil = Mconperc 

Ch2o*Fdgn 

Vperc Tperc • Vperc* Msoil = VsoU • g * (1 - n) 

Mconperc = Xleh * Vperc Xsoil Mconsoil (mg) 

MsoU(kg) 
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Memphis Sands Aquifer Characteristics 

Transmissivity (gpd/ft) 

Storage Coefficient 

Vertical HydrauUc Conductivity of Jackson Clay Aquitard 

Horizontal HydrauUc Conductivity of Memphis Sands Aquifer 

242,500 

0.001 to 0,0001 

0,03-0.62 gpm 

1,212,5 gpd/ft 

Contaminant Distribution (Mass Partitioning) 

In Vadose Zone Soils 

In order to detennine the distribution of contaminants in the soU medium, formulae were 

obtained from USEPA's Determining SoU Response Actin Levels Based on Potential 

Contaminant Migration to Ground Water: A Compendium of Examples, Document Number 

EPA/540/2-89/057, October 1989. The required calculations are as foUows: 

C,= (Y. * CJ -Ktf * CO + (a * C^ 

Where: C, = Total Contaminant Fraction 

7. = Bulk Density of Soil (g/cm^) 

C, = Solid Phase Contaminant Constant 

d:\ = MoistUTB^Contentiof Soil;'(yoluiiie.,Aacdon). 

C, = Liquid niase Contaminant ̂ Constant; . 

a = Air Content of Soil (volume fraction) 

C. = Gas Phase Contaminant Constant 

= 1.0 

= 2.65 * (1 - porosity) 

= 0.15 

= 0.15 

c. 
c. 

Where: 

= K„*C 

= K,*C, 

K„ 
K* 

K. 

TOC 

= Assumed (B) 0.4 (from Stamina Mills RI for TCE.) 

= Normalized Distribution Coefficient = K„ * TOC 

= Distribution Cbeflicient fbr Trichloroethyleae 

= Total Organic Caibm Fraction » 0.0015 
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Contaminant Distribution Calculations (Mass Partitioning) 

Vapor Partitioning Coefficent (Cv^: 

a * C,/Q = a * KH/[7. * K, -F <? -H a * K J 

= (0.15)(0.4)/[1,85(0,164) -f 0.15 + (0,15)(0.4)] 

= (0,06)/[0.303 -i- 0,15 + 0.06] 

= 0.117 

SoUd Partitioning Coefficient ( C ^ : 

b * C ; C , = 7. *KV[7.*K,-f-e-ha*KJ 

= (1,85)(0,164)/[(1.85)(0.164)+ 0,15 + (0.15)(0,4)] 

= (0,303)/[0.303 + 0,15-1- 0.06] 

= 0,591 

Water Partitioning Coefficient (CH2O): 

c*C,/Q = 1 -(0,117 -1-0,591) 

= 0,292 

Note: iCMdilationf assume ^30%buUcsoiL porosity;iin^T^ 

interstitial saturation. 

From these calaulations, it can be determined that nearly 30% of soU TCE is present in the soil-

bound wate phase. This infonnation is useful as contaminant transport in soUs (at or near 

saturation) is dependent upon the movement of contaminants in the aqueous phase. Therefore, 

the detennination of the portion of contaminant present in soU moisture facilitates the calculation 

of contaminant flushing efficiency, and in tum, the rate of contaminant transfer to other media 

(i.e. groundwater). 
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Thomthwaite Equation 

The Thomthwaite equation may be used to calculate PET on the basis of average monthly 

temperature as foUows: 

i = (T/5) '^'* = monthly heat index 

I = Ei = heat index 

a = 0,49 + (0,0179 * I) - (0,0000771 * Î ) -H (0,000000675 * Î ) 

E, = 1 . 6 [ ( 1 0 * T J / I ] ' 

E, = Potential Evapotranspiration (PET) 

T, = Temperature C 

Note: The Thomthwaite Equation is generaUy conservative in that it yields under estimated 

values for PET, 

Thomthwaite Applications 

I = 1,185 -I- 1,551 + 3,219 + 6.049 + 8,917 + 11.926 + 13.04 -I- 12.688 + 

10.189 + 6.548 + 1.837-1-1,448 

=^^^.>-:--7».60-:i,;: -̂  

a = 0.49 + 1,407 - 0.476 + 0.328 

1.749 

The average monthly temperature values used to compute monthly het\at indexes (i) were 

obtained from the Shelby County SoU Survey. Using this temperature data, PET for each month 

of the was computed and is summarized below in Table 1. 
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1 — — 

L 
cm 

E, 
mm 

J 

0.9 

8.8 

y ^ 

1.2 

12.1 

M 

2.8 

28.3 

TABLE 1 
MONTHLY PET VALUES 

• • • • A - -

5.9 

59.1 

: - • M - ; • ; • • • 

9.3 

93.0 

iA'i-y 

13.1 

131 

J 

14.5 

45 

A 

14.0 

140 

^•:-.-:-^^S-^-^:::-.. 

10.9 

109 

•iyo"-

6.5 

64.9 

:mA:i\ 
.i-H A;: 

1.5 

14.7 

D 1 

1.1 1 

^̂  1 
These PET values may be used in conjunction with precipitation and soU data to compute annual 

an percolate volume. This is accompUshed through application of the water balance method. 

The water balance for the ColUervUle NPL Site is shown in Table 2. 

Water Balance Assumptions 

Cr/o = Coefficient of Runoff 

ST = SoU Moisture Storage 

AET = Actual Evapotranspiration 

PERC = Percolation Rate 

0,45 

ISO mm avaUable water based on loamy sUt 

surface soUs. Residual moisture (May 

through October) obtained from tabulated 

values) 

PET if AST is positive or 0 

PET + [(I,-; PET) - AST] Jf AST is 

negativef̂ --̂ v /.̂ .-' • 

I-AET if ST = 150 mm 

I - AET - AST during soU recharge 

(November through January) 
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Note^; 

PET - Potential Evapotranspiration 
P • Procipltotion 
C,M» - Coef f i c ien t o f Runof f 
R/0 - Runoff 
(From Thomthwaite Equation) 

I 
ST 

» Infiltration 

- Soil Moisture Storage lor Loamy Soil (150 mm available H,0) 
A t r . Actual Evapotranspiration 
PERC • Percolate 

* - from USDA/SCS Shelby County SoU Survey - Precipitation Record. 1931-1 860 
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9.0 CONCLUSIONS 

The objectives of the Remedial Investigation Work Plan for the CoUierviUe Site were: 

• To characterize site contaminants, 

• To determine the nature and extent of contamination, 

• To more fuUy characterize the geology/hydrogeology of the Site, and 

• To recommend feasible remedial altematives. 

The principal contaminants of concem estabUshed for the investigation were estabUshed as 

trichloroethylene (TCE) and its degradation products. The investigation identified the nature and 

extent of contamination in soUs and groundwater. The Site geology/hydrogeology was more 

fiiUy characterized and fate and transport mechanisms for contaminants in groundwater were 

identified .̂ A treatabiUty; study, has been; implemented to evaluate an in-situ soU. gas and. 

groundwater extraction system. Final remedial altiematives wiU be evaluated in the FeasabiUty 

Study (FS). AU of the outUned objectives have been achieved; therefore, no fiirther remedial 

investigation activities are deemed necessary at the ColUerviUe Site. 

228 
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A.1 Explanation of Organic Analysis Table Notes 

U Notation - Compound Was Not Detected 

The U notation is always presented in conjunction with the instrument or method detection 

limit value; and indicates that the compound was analyzed for but not detected above the 

stated detection limit. 

B Notation - Compound was detected in the Laboratory Blank 

A "B" notation in data tables indicates that the compound was found in laboratory 

or field blanks, as well as in the sample. The compounds therefore may have been 

introduced into the sample during sample coUection or prepziration and cannot be verified 

to be present in the sample, 

J Notation - Compound was detected at a concentration below the quantitation limit 

The "J" notation data tables indicates that compounds were detected at a 

concentration below the quantitation limit, and that the concentration reported is subject 

to significant error. Values accompanied by a J notation should, therefore, be considered 

quaUtative. 

A-1 
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To understand the error in "J-values" reported at levels below the quantitation Umit, it 

must be recognized that all instrumental methods used to determine chemical 

concentrations in a sample, including the gas chromatography/mass spectrometry 

(GC/MS) method used for analysis of volatUe and semi-volatUe TCL compounds at this site, 

rely on being able to relate a signal from the instrument to concentration. For 

most instrumental methods and chemical concentration, this relationship is Unear; 

however, at very low concentrations, the relationship tends to deviate from linearity due to 

background interference in the sample and to instrumental limitations. As quantitation 

limits differ for different methods and between samples, before beginning any analysis, 

the point at which linearity is deviated from, or the lowest concentration that can be 

accurately be measured, must be determined. ThislowerlimitiscaUed the "quantitation 

limit •, Although the presence and identity of a compound might be determined below this 

quantitation limit, estimates of concentrations below the Umit are suspect and may 

contain very large errors. The meaning and impUcations of quantitation limits in 

chemical analyses have received considerable attention in the literature (Long and 

Winefordner, 1983; Porter er al, 1988) but is often treated too casually when 

interpreting environmental data. 

Because contract laboratories, are only required to vaUdate the accuracy of their analysis 

to the quantitation Umit, significant error may be associated with estimating concentrations 

below the quantitation limit determined by the laboratory. Hence it is inappropriate to 

consider the concentrations of J noted values as anything but estimates. 

A-2 
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C Notation - Confirmation Test was performed 

The C Notation in pesticide analyses indicates that a single component pesticide has been 

confirmed by GC/MS analysis after being indicated in a GC procedure. Positive GC 

pesticide values that are not confinned should not be reported. 

D Notation - Secondary dilution factor used 

The D notation identifies compoimds that were analyzed using a secondary dUution factor, 

E Notation - Concentration exceeds the linear range of the instrument 

The "E" notation in data tables indicates that these compounds were detected at a 

concentration that exceeded the linear range (or upper quantitation Umit) of the instrument, 

and that the concentration reported is subject to error. The concentration of "E" 
• J 

noted compounds should, therefore, be considered qualitative. 

Analogous {tofv t̂hedeviationv frorav linearity of .instrument .response, to compound: 

concentration at very low concentrations, instrument response may deviate from linearity, 

that is become less accurate, at elevated concentrations. Factors producing a lower 

limit to accurate measurement were identified in the discussion of J notation above. 

Factors producing this upper limit include the total number and concentration of natural 

and anthropogenic compounds in the sample, as well as the concentration of the specific 

compound being measured. Analyses of compounds in solids, such as soU or waste. 

A-3 
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are more likely to exceed this upper limit than aqueous samples, as most organic compounds 

(natural and anthropogenic) in the environment have a higher affinity for soil matrices 

than for water. 

Also analogous to lower Umits of quantitation, before beginning any analysis, the upper 

limit at which Unearity is deviated from, or the highest concentration that can 

accurately be measured, must be determined. Estimates of concentrations above this limit 

are suspect and may contain very large errors. Because contract laboratories only vaUdate 

the accuracy of their analysis to some upper limit, significant error may be 

associated with estimating concentrations above the upper limit detennined by the 

laboratory. 

X Notation - Compound Coeluted with one or more other compounds 

GC/MS is the most powerful commercially available analytical method of separating, 

idehtifying'and ;̂•quantifymg a large number p may be present in an 

environmental sample. Nevertheless, in some instances, two compounds can not be-

completely separated from each other, the concentrations of coeluting compounds should 

be considered only estimates. 
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Note 1 - More than one method was used to analvze this sample 

Note 1 identifies several samples that were analyzed by more than one method. This 

does not diminish the quaUty of data coUected, but rather produces more information than 

would be generated by a single analysis. The reason for performing two analyses of 

some samples is discussed. 

As previously described for notes J and E, instrumental methods of measuring compoimd 

concentration have both a lower limit and an upper Umit to accurate measurement. 

Although the lower limit to quantitation can not be significantiy lowered, the chemist may 

use a number of different sample preparation techniques to extend the upper limit of 

quantitation. To select a sample preparation technique appropriate for analyzing a 

given sample, the chemist must first estimate the relative number and concentration of 

compounds in the sample. For the analysis of volatUe compound, the CLP Statement of 

Work recommends that to do this the chemist use either professional judgment, or an 

instrumental screening method. If the chemist detennines that the number and 

concentrationsofxompounds in^a sanipie is hkelyto ;be low,̂ :the;X 

recommends a "low soU/sediment" method which involves bubbling an inert gas 

through a mixture of soUd sample and water to remove volatUe compounds. If the chemist 

determines that the number and concentration of compounds in a sample is likely to be 

r^oderate, the CLP Statement of Work recommends a :medium soil/sediment" method, 

which involves extracting the sample with methanol, dUuting the methanol with water, 

then bubbling a gas through the methanol/water mixmre to remove the compounds. An 
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analogous choice between using a low versus ̂ a medium soU/sediment method is made 

before analyzing a sample for semi-volatUe compounds. 

To analyze a soU sample potentially containing compoimds over a wide range of 

concentrations, the chemist may choose to analyze the sample twice ~ once using a 

low, and once a medium soU/sediment method. The Use of two methods to analyze a 

sample increases the amount of information that can be gained from that sample. For 

compounds that can be quantified accurately by both methods, however, the two 

methods of analysis may produce different results. This is primarily the result of using 

different extraction techniques and holding times, but may also be due in part to the 

use of different sample size, the efficiency of sample mixing and sample handling. 

Note that in some cases, a chemist may choose a single soil/sediment method, then 

reanalyze the sample after dUution in order to quantitate both compounds present in very 

low and moderate concentrations. Similarly, dUution may be employed to analyze a 

widie range of compound concentrations in groundwater samples where only one method 

of analysis is recommended by the CLP Statement of Work, As only one extraction 

method is employed for dUuted samples, significantly different results were not produced 

for compounds that .could be analyzed in two different dUutions of a sample. For 

consistency, however, if compounds could be quantified at concentrations not exceeding the 

upper limit to quantitation in undUuted sample preparations, concentrations from 
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these analyses are reported in Table 2; otherwise, dUuted sample results are reported. 

AJ, Explanation of Inorganic TAL Table Notes 

U Notation - Compound Was Not Detected 

The U notation is always presented in conjunction with the instrument or method detection 

limit value; and indicates that the element was analyzed for but not detected above the 

stated detection limit. 

B Notation - Compound was detected in the laboratory blank 

As noted above the TCL analyses "B" notation indicates that the compound was also 

found in laboratory or field blanks and therefore may have been introduced into the sample 

during sample coUection or preparation. Compounds marked with a "B" may be present 

in the field at much lower concentrations or not, at aU. 

* Notation - Deviation between duplicate analyses was greater than CLP guidelines 

The " •" notation indicates the difference in concentrations obtained from dupUcate 

analyses of these compounds were sUghtly greater than CLP Statement of Work guidelines. 
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W Notation - Recovery in spiked samples fell below CLP guidelines 

The "W" notation differs from the N notation only in indicating at what point in the 

analytical procedure the test of accuracy, spiking failed. The "W" notation indicates that 

the recovery of an analyte in spiked water samples feU below CLP Statement of Work 

guidelines. 

METHOD NOTATIONS: 

P - Indicates ICP analysis 

F - Indicates AA furnace analysis 

CV - Indicates AA cold vapor analysis 

AS - Indicates Technicon analysis 
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COLLIERVILLE SITE REMEDIAL INVESTIGATION 

PHASE 1 SAMPLING ANALYTICAL RESULTS SUMMARY 

SOIL DATA 

QUAUTY ASSURANCE FLAG LEGEND 

B - ANALYTE FOUND IN BLANK 
BDL » ANALYZED FOR BUT NOT FOUND AT DETECTION LIMIT (SEE ALSO U) 

CV AA (COLD VAPOR) METHOF OF ANALYSIS FOR METALS 
D - COMPOUND ANALYZED FROM A DILUTED SAMPLE 
E o ORGANIC COMPOUNDS: CONCENTRATION EXCEEDS CAUBRATION RANGE 

METALS: VALUE ESTIMATED DUE TO INTERFERENCES 
F= AA (FURNACE) METHOD OF ANALYSIS FOR METALS 
J = VALUE ESTIMATED 
N = SPIKE SAMPLE RECOVERY OUTSIDE OF CONTROL LIMITS 
P = ICAP METHOD OF ANALYSIS FOR METALS 
S = VALUE DETERMINED BY METHOD OF STANDARD ADDITIONS 
U = ANALYZED FOR BUT NOT DETECTED 
W = POST DIGESTION AA SPIKE OUTSIDE OF CONTROL UMITS, AND SAMPLE 

ABSORBANCE LESS THAN 50% OF SPIKE ABSORBANCE 
• -DEVIATION BETWEEN DUPUCATEINORGANIC ANALYSES GREATER THAN; 

CLP SOW GUIDELINES 
+ « STANDARD ADDITIONS CORRELATION COEFFICIENT LESS THAN 0.995 
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8 

10 
8 

"10 
10 
10 
8 
8 
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COLLIERVILLE SITE RI/FS: PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

'"'."•• LAB SAMPLE Ip- •''' 

SAMPUNG DATE 

..:.:.•• DEPTH.-

•MATRIX-

(»«P CL COMPOUND UNtrS 

UNrrs 
401 B Acenaphthene 

402 B Acenaphthylene 

403 B Anthracene 

405 B:; Benzo(a)anthracana 

406 B ; Benzc)(a)pyrene 

407 B Berizo(b)nuofanthene 

40« B Benzo(g,h,i)perylene 

400 B Banzo(k)fluoranth«ne 

410 B bii(2-Chloroethoxy)methane 

411 B bie(2-Chlofoethyl)ether 

412 B :bis(2-Chtorois6pfopyi)ather 

413 : B :: bla^ElhylhexVQphthalata 

415 B : Butyl beiizyl phthalate 

416 B 2-Oiior(maphthalan» 

417 B -4*Oilorophenyl phenyl ether 

- 4 1 8 - B ' Chryiene •"•:-•;::.:;.•• • 

418 B:: Diben2o(a,hJMnthracehe 

420 B 1.2-Dlchlofobefl2»ne 

421 : a i .»-pfch»orobin»na 

422 B i.4HDici)lorobefizene 

423 B S.y-Oichlorobenzidlhe 

424 B Dlettiyl phthalate 
425 B Dimethyl phthalate 
426 : B Di-n-butyl phthalate 

427 B 2.4-binnratoiuena: 

428 B 2,6^initrotDluana 

429 B Oi-nroctyl phthalate 

431 B Fluoranthene: 

432 B Fluorene 

433 B HeixaichlbrobenzerM 

434 B: He>uchlorbbutadiene 

435 B Hexachlorocyctopehtadlane 

436;: Bf ^HeixachlbFoethane^ 

437 : B : an<iano(1 A3T«0PYrBfie: : V: 

•438W.B" .:..lioph|pfone-.rt;. •• 

438 B Naphthalene 

440 B : N l t iob««bne; : • 

442 B NrNitroeo-di-n-prbpylarhiiVe 

44ji B N-{«troeodiphanylamine(1) 

444 B : Phenanthrene 
446.- B;, .Pyrene..-.. 

446 B t.2,4^Trichloroben2ehe 

474 B Benzyl aicohot 

478 B 4-rChloroaniline 

476 B bU>anzo(uran 

477 B 2-Methylrtaphthalerte 

478 B 2-*lltroanmne : 

479 : B i-Mitroahil ine 

480 B 4-Nltroannine 

(801 A 2-C»<lorophenol 

602 > : 2 . 4 ^ h l o r o p h e n o i 

603: A 2 .4^methy lphef io l : ; 

604 A 4.»-Dinitro-2-fnelhylphenol 

605 X : 2.4-pinitrophenol 

'60e'; :A ' ' '2-Nltrdphenol' . ' . i ' 

607 A 4-Nitrophenol; 

Boring 37 

B37-1 

01/17/90: 

• . • . - 8 . - : 

SOIL :.. 

mg/kg 

uorttg 1 
SOL 

BDL 

BOL 

BOL 

BDL 

BOL 

BOL 

BDL 

BOL 

BOL 

BOL 

200 . 

BOL 

BDL 

BDL 

BOL 

BDL 

BOL 

BOL 

BDL 

BDL 

BOL 

BOL 
BOL 
BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL>::--;='-/'-

B D L ' i v ^ V -

BDL 

BDL 

BDL 

BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

390 

390 

390 

380 

300 

380 

380 

390 

380 

390 

390 

I 

390 

390 

390 

390 

390 

390 

390 

390 

390 

780 

390 
390 
390 

390 

300 

390 

390 

390 

390 

390 

390 

390 

390. 

390 

390 

390 

390 

390 

390 
390 

390 

390 

390 

390 

390 

1900 

1900 

1900 

390 

390 

390 

1900 

1900 

390 

1900 

B37-2 

01/17/90 

• • • • 1 8 •-

SOIL 

mg/kg . 

•_ 

ug/kg 1 
BOL 

BDL 

BOL 

BDL 

BOL 

BOL 

BDL 

BOL 

BOL 

BOL 

BDL 

62 J 

BOL 

BOL 

BOL 

BOL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 
BDL 
BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

BOL 

BOL . 

BDL.: 

BDL^;:-^"-'---' '• 

BDL 

BDL 

BDL 

BOL 

BOL 
BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

720 

360 
360 
360 

360 

360 

360 

380 

360 

360 

360 

360 

360 

360^ 

360 

360 

360 

360 

360 

360 
360 

360 

360 

360 

360 

360 

1700 

1700 

1700 

360 

360 

360 

1700 

1700 

360 

1700 

B37-3 

01/17/90 

- . - - • 2 4 • ' 

SOIL 

mg/kg 

ugrtcg 1 
BDL 

BDL 

BDL 

BOL 

BDL 

BOL 

BDL 

BDL 

BDL 

BOL 

BDL 

100 J 

BOL 

BDL 

BOL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 
BDL 
BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL , > 

BDL^ 

BOL 

BDL 

BDL 

BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BOL 

BDL 

BDL 

BOL 

BDL 

BOL 

BOL 

BDL 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

700 

350 
350 
350 

350 

350 

350 

350 

350 

350 

350 

350 

.350 

350. 

350. 

350 

350 

350 

350 

350 
350 

350 

350 

350 

350 

350 

1700 

1700 

1700 

350 

350 

350 

1700 

1700 

350 

1700 

B37-4 

01/17/00 

^ . 32'. • 
SOIL 

mg/kg 

ug/kg 1 
BOL 

BOL 

BDL 

BOL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

35 . 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BOL 

BDL 

BDL 

BOL 
BDL 
BOL 

BOL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL.. . 

BDL, ; : 

BDL 

BDL 

BDL 

BOL 

BOL 
BOL 

BOL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

340 

340 

340 

340 
340 

340 

340 

340 

340 

340 

340 

I 

340 

340 

340 

340 

340 

340 

340 

340 

340 

680 

340 
340 
340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340. 

340 

340 

340 

340 

340 

340 
340 

340 

340 

340 

340 

340 

1700 

1700 

1700 

340 

340 

340 

1700 

1700 

340 

1700 
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COLLIERVILLE SITE RI/FS: PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

|:|:;::|;|||ii::!::::||||L^ 
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iA i i i iA i i i i iy i i i iAAD'EimA 

:imAAmmmiiiiyiyii-'iii^>Mp^ 
ciAPicAi^iiif^iicim 

::-:::::::::::::::::::::;:s::S-:::::;:::::::::::::::::.UNrrS: • 

: : a p 8 : ? ; : ; : A : : | : : 4 r r t * l o r o - - 3 - ^ 

:^«>i*iii;if?»«^^ 
^̂ (HSiiiti;̂ F|i«md';̂ ? 
::*t1-j:;:;Xi:;:2;4.6ritV^ 
•;«»i: i i^: l2ri i^^^ 

:KizikAi*M^ 
•:6i5:;; | i i t |SBefa!^ 

' • : iMiWiMA>^ri^^ 
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::m.:-:::::p>:Alpiia^HC::.;;;::V^ 
;:7Mi;:P::;.;-Betit:^I^S:;S^ 
;::in9|^:^:.:;iii;6ainin*-B 
'7b5:::::::P;i|iiBlU^ 

:7pi|r::y;p- '^iiitiAyoTymiimiA: 
A<iMP''--^'^i'rrooE:'yi:iiiiiim. 
fMiikyW^iopoimiiiiAiAiiAi 
::|io;:;|i|:ipî iin:;>::::::---';;;:y^ 
il:::;:;rPi:;-En<t^ 
T̂rti:̂ :̂?iP̂ i?Bfi(J<iiul(ar»:̂  
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Boring 37 

B37-1 

01/17/90 
. - g . : 

SOIL 
mg/kg: 

ug/kg 

BDL 

BDL 
BDL 

BDL 

BOL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 
BDL 

BDL 

BDL 

BOL 
BDL 

BOL 

BDL 

BDL 

BDL 
BDL 
BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BOL 
BDL 

BDL>;r. 

7.5 

84.8 
IS 

390 
1900 

390 

390 

390 

390 

1900 

1900 

84 

180 
94 

94 
94 

190 

94 

190 

94 

19 

94 
94 

0;59;. 

B37-2 

01/17/90 

18 

SOIL 
mg/kg 

u g * g 

BOL 
BOL 
BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 
BOL 

BDL 

BDL 
BOL 
BDL 

BDL 

BDL 

BDL 

BDL 
BDL 
BDL 

BDL 

BDL 

BDL 
BOL 

BOL 

BDL 

BDL 

BDL 

BDL 
SOL ^-

BDL.Vi.,.. 
7:8 

92 

8 

360 

1700 
360 

360 

360 

360 

1700 

1700 

8.6 
8.6 

8.6 

8.6 

8.6 
17 
17 

17 

17 

8.6 
17 

17 

17 

8.6 

8.6 
86 

170 

86 
86 

86 
170 

86 

170 

86 

17 

86 
86 

0:54 

B37-3 

01/17/00 

24 
SOIL 
mgi/kg 

ugflcg 
BDL 
BOL 

BOL 

BDL 
BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BOL 

BDL 

BOL 
BOL 

BOL 

BOL 
BOL 

BOL 

BDL 

BDL 

BDL 

BDL 
BDL 
BDL 

BDL 

BOL 
BOL 

BOL 

BOL 

BOL 

BDL 

BDL 

BDL 
BDL 

BDL;'.--,. 

7 ;7 ' 

94.1 

6 

350 
1700 
350 

350 

350 
350 

1700 

1700 

8.5 

8.5 

8.5 

8.5 
8.5 
17 
17 

17 

17 

8.5 

17 
17 

17 

8.5 

8.5 

85 
170 

85 

85 
85 

170 

85 

170 

85 

17 

85 
85 

.0.53, 

B37.^ 

01/17/00 

. 32^ '̂̂  

SOIL 
mg/kg 
ug/kg 1 

BDL 
BDL 
BDL 
BOL 

BOL 

BOL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 
BDL 

BDL 

BDL 
BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BOL 
BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL ... 

BDL^'i.'-
7 . 7 : 

9S.9 
4 

340 
1700 
340 

340 
340 

340 

1700 
1700 

8.3 

8.3 

8.3 

8.3 

8.3 
16 
16 
16 

16 
8.3 

16 

16 

16 

8.3 

8.3 
83 

160 

83 

83 
83 

160 

83 

160 

83 

16 

83 
83 

0:52:. 
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COLLIERVILLE SITE RI/FS: PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

• • 

• -. LAS. SAMPLE ID . . 

:: SAMPUlild DATE 

• DEPTH-'.' 

•;. •""••;:;•. MATRIX " 
CMP CL COMPOUND : UNr rs : 

101 M Antimohy 

"102: M ; A r w n i c : ^ 

i d s M : Beryllium 

104 ,M Cadmium 

105 M Chfomium 

106 M Copper / 

107; M Lead 

i b a M Mercury 

109 M Wickri 
110: M Selenium 

.ni:yu::.sai/iK .-•: 
• 1 1 2 . • • ^ • : : ; : : i ha l l i u rn ;...•..•; 

' •• t izA^/l ' i l^m'- i 
114 M Bairium 
116 M Iron • 
116 M Mangansae 

117 : M :; Vanadjiim : 

118 :M:::Aluiininum 
•^t»'V:M.-Ooba»----• 

:"1J^•::.•M::•'»*aibne|rtum"• • "•;.• 
'• \ 2 » y . U.. ^Calciuni - ̂  ;-

••136.:::^M:::^Sb(ftini.. . 

I 4 i . . : : u ••potassium'• •̂•••••' 
..••:.:.UNrrs--:---

203 •: .V.. Benzene •. --v • 

2iBS V Bromolbrm 
206 V CartKintetrachloirWe 

207 y- Chlorobenzene : 

208 V Dibromochloromethane 

209 V Chtoroethane 

211 V Chloroform 
r21i : V: JBromodichloromethatte 

214 V: l l l -b lchloroethane 

215 V 1>-Oichloroethan« 

216 y t . l ' - O i c h i o r o e t h ^ 

217 V 14^«^chlotbpfoparie:v 

218 y a»i . i>C»lcWoroprbpene: 

219 V BhyiJMnzene ^̂  ;• 
220 y Bromomethane : 

221 V Chlorpmethane -

222: V Methytenechloride 

223 V i;i;!.2-Tetrachloroethane: 

224 V Tetrachloroethene : 

.226 :V-^ T i i iene : •.'../,:::• •-••.::• 
227 yV l^l. trTricl i lofoethane 

228 V wi -Tr ich io ixKr tha i ie 

229 y Trichloroethene:: 
231: V VIriylchloilde : 

250 y Trane-l>4} ichloropropene 

;2S:i ••••V' Styrene ..'•:" 
2S2 y Acetone; 

253 •:y^ 2rButanone ••,,.•.'--•:•.; 

254 V C a r t ) ^ dlsulRdia 

256 V 2--Hexanane 

ZSa V 4-Methyl-2-pentanone 

257 V vinyl acetate 
288 V Xylenes (TotaJ) 

2iB9 V 1.2-Dichloroethene(TotaO 

Boring 37 

B37-5 

01/17/90: 

40 
SOIL 
mg/kg 

BDL 4400 

BDL 630 

BOL 210 
BOL 1100 

3800 P* 

BDL 840 

1600 F N 

BDL 110 

BOL 6100 

BOL 2100 

BOL 840 

BDL 420 

17200 P 

5200 B P 
2E+06 P • 
6500 P* 

3900 B P 

2E+06P 

BDL 630 
62100 B P 

80900 B P 
BDL 313000 

BDL 265000 

ugflcg::::::.:::::::::::::::::::::::.:;::;̂ :::̂ ::.::.. 

BOL 5 

BOL , . , 5 
BDL 5 

BDL 5 

BOL 5 

BDL 11 

BDL 5 

BDL 5 

BDL 5 

BDL 5 

BDL 5 
B O L ; ^ ^ • • • • - • • • . . - • • • - : - . S ' ' -

B D L ^ ' p . : ••••••• • s 

BDL 5 

BDL 11 

BDL 11 

8 B 

BOL 5 

BOL 5 

BDL 5 

BDL 5 

BDL 5 

BDL 5 

BOL 11 

BOL 5 

BDL 5 
23 B 

BDL 11 

BDL 5 

BDL 11 

BOL 11 

BOL 11 

BDL 5 

BDL 5 

B37-6 

01/17/90 

• 4 8 ' : • ; • • ' 

soiL^-i:-:. 
mg/kg 

BOL 4500 
1500 B F N 

BOL 220 

BOL 1100 
8400 P * 

3000 B P 

4000 F N 

BDL 110 

BDL 6200 

BOL 430 

BDL 860 

BDL 430 

6200 P 

7000 B P 
5E+06 P • 

13000 P * 

8600 B P 
4E+06P 

1100 B P * 

90400 B P 

148000 B P 

BDL 321000 
BOL 271000 

iigfltg 
BOL 6 
BOL 6 

BDL 6 

BOL 6 

BDL 6 

BOL - 11 

BDL 6 

BDL 6 

BDL 6 

BOL 6 

BDL ; . 6 

B D L : : , : - - : . : : . "•' 6.--

B D L : ; . 6 

BOL 6 

BDL 11 

BDL 11 

15 B 

BDL 6 

BDL 6 

BDL 6 

BDL 6 

BDL 6 

BOL 6 

BOL 11 

BOL 6 

BOL 6 
16 B 

BDL 11 

BDL 6 

BDL 11 

BDL 11 

BDL 11 
BDL 6 

BDL 6 

B37-7 

01/17/90 

.0 
SOIL : 
mg/kg 

BDL 
BDL 
BDL 

BDL 

BOL 
BOL 

670 

BOL 

BDL 

BDL 

BOL 

BDL 

3300 
630 

127000 
1900 

630 

327000 

BDL 

BOL 

BDL 
BDL 

BOL 

EPA QA Spike 
Samples 

5300 
750 
250 

1300 

1300 

1000 
B F N 

130 

7300 

500 

1000 

500 

B P 

B P 
P * 

B P * 

B P 

P 

750 

14000 

4300 
373000 

315000 

ugflcg 

BOL 
BOL 
BDL 

BOL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL... 

B D L : : 

BDL 

BDL 
BDL 

12 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

11 

11 
11 

B 
A 

11 

11 
11 

11 

11 

11 

B37-8 

01/17/90 

0 
SOIL 
mg/kg 

ug/kg;--- : - - : - : : • •••• 

61 
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COLLIERVILLE SITE RI/FS: PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

Boring 37 

LAB SAMPLE ID 

SAMPUNG DATE 
DEPTH 

MATRIX 
CMP CL COMPOUND UNrrs 

UNFTS 

B37-5 

01/17/90 
40 

401 B 

402 B 

403 B 

405 B 
406 B 
407 B 
408 B 

409 B 
410 B 
411 B 
412 B 
413 B 
414 Gi 
415 B 
416 B 
417 B: 
418 B 
:418-̂ vB̂ " 

420 B 
421 B 
'?«2±-"'8v; 
423 B 
424 B 
425 B 
426 B 

427 B 
428 B 
429 : B 
431 B 
432 B 
433 B 

434 B 
436 IB 
438 B 
.437 '•:id: 
4 3 8 . ;::'&-•:• 

438 B 
440 B 
44iZ B 
443 B 

444 B 
445 B 

446 B 
474 B 
476 B 
478 B 
477 B 
478 B 
478 B 
480 B 
601 A 
602 A 
603 A 
604 A 
806 A 
606 A 
807 A 

ug/kg 

SOIL 
mg/kg 

Acenaphthene IBOLT 
Acenaphthylene BDL 
Anthracene .. BQL 
Ben20(a)anthraicene : BOL 
Banzo(a)pyrene BOL 
Bera»(b)llu6(aiithene BDL 
Benzo(g.hj)perylene BDL 
Benzo(k)nuoranthene : : : BDL 
b|i(Z-CKloroethaxy)methane BDL 
bJs(2-CWo«>9thylj»thef; / ;, BOL 

: bia(2-Chloro)8oprof>yl)ether BDL 
b{a(2-Ethylhexyi)phthalata BDL 
•-Bromophenyl phenyl ether BDL 
fiiiityt benzyl phthalate BOL 

2-Chloronaphmalan» BOL 
:4.<:hlorbphenyl phenyl ether BDL 
\ptWysene:: •.-. •-•• BOL 
t)it>enzo<e,h)anthrBicentt..., . BDL 
1.2-Oichlorobenzen«''..'" BOL 
t.3^}ichiorobeinlzerM| BDL 
't,4..t}ichlarbbenzme : BDL 
S,3'-O»chlorobenadihe BOL 
Diethyl phttialate BOL 
Olmethyt phthaUt^ : BDL 
Di-n-butyl phthalate BOL 
2.4-Dinitrotolui»ne BDL 
2,6-Dinitrotoluehe BDL 
Di-n-octyl phthalate BDL 
Fluoranthene BOL 
Pluorene B D L 
Hexachlorobenzene BDL 
Hexachlprbbutadiehe •: BOL 
"«**to»ocyclopentadiefte: BOL 
Hexachloroethane.: BDL 

:: 1n<tBfto(1 ASrCdfeyrimen •: BDLV v-
: • l a b p h o r o n e : -•..••••.:•.;•: ••,••":.•./.'•.' B D L S . 
• •. Naphth i i lene^: ' •,: imi.;: B D L • '<' 
. .NitiibbefHene'•'.•••.:•:.:•-•:••••;:.;.::•:•.••...•..• B D L 

N - N i t r o e c ^ - d i - f i - p r d p y l a m i n e B D L 
>*'^-*<i*roeodiphenylamine(1):: ; B D L 
P h e t i a n t t i r e n e :. BDL 

. Pyrona BDL 
;'4.^TrWiloroben29ne: BDL 
B e n ^ alcohol : . ^ > BDL 
4-ChUxoaniline.. ..-: BDL 
D|t>i»nzo(uran ;. . . ..•' B D L 
2-M«ttiy)naphmalene :: BDL 
2-Nitroanlline :. .:. : / BDL 
3-Nltroaniline . . " B D L 
4-Mitroanflirie B D L 
2-Chl6rophena( , : :: B D L 
2.*-t«ghlorophanol BDL 
2,4-Otmethylphenot: BDL 
4,8-0rnitro.-2-inelhylpheno> BDL 
2.4-Oinitrophenal :̂  BOL 
2-tJitrophenol B D L 
4-Nitropherwl BDL 

B37-6 

01/17/90 

350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
690 
350 

SOIL 
mg/kg 
ug/kg 

48 

BDL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BOL 
BOL 
BOL 
BDL 
BDL 
BDL 
BOL 
BDL 
BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

350 BDL 
350 BOL 
350 
350 
350 
350 
350 
350 
350 
350 
350 

: ,350: 
350 

. 3 5 0 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 

1700 
1700 
1700 
350 
350 
350 

1700 
1700 I 
350 t 

BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
SOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BOL 
BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
3DL 
BDL 
3DL 
SDL 
JDL 

370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
730 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 

B37-7 

01/17/90 

SOIL 
mg/Vg 
ug/kg 

370 BDL 
370 BDL 

1700 BDL 

BOL 
BDL 
BOL 

BOL 
BOL 
BOL 
BOL 

BDL 
BOL 
BOL 
BDL 
BDL 
BOL 
BDL 
BOL 
BOL 
BOL 
BOL 
BOL 
BDL 
BDL 
BDL 
BDL 
BOL 
BOL 

BDL 
BDL 
BOL 
BOL 
BOL 
BOL 
BOL 
BDL 
BDL 
BDL . 
BDL. 
BDL V 

BDL 
BDL 
BDL 
BDL 
BDL 

BDL 
BDL 

EPA QA Spike 
Samples 

370 
370 
370 
370 
370 
370 
370 
370 

B37-8 

01/17/90 

SOIL 
mg/kg 
ug/kg 
BDL 
BDL 

BOL 

BDL 
BOL 
BDL 

700 

750 

370 BDL 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
740 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370-
370 
370 
370 

BOL 
BOL 
BOL 
BOL 
BOL 
BDL 
BDL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

BOL 

BDL 
BDL 
BDL 
BDL 
BDL 
BOL 
BOL 
BDL 
BDL 
BDL 

680 

880 

600 

41 J 

1800 BDL 

370 
370 
370 
370 
370 
370 
370 

1800 
1800 
1800 
370 
370 
370 

1800 
1800 
370 

BOL 
BDL 
BDL 
BDL 
BDL 
BDL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

360 
360 

360 

360 
360 
360 I 
360 
360 
360 
360 
360 
360 
360 
360 

360 
360 
360 
360 
720 
360 
360 

360 

360 
360 
360 
360 
360 
360 
360 
360. 
360 
360 I 

360 
360 

360 
360 

360 

360 
76 J 

1800 BDL 

360 

360 
1700 
1700 
1700 
360 
360 
360 
1700 
1700 
360 

1700 
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COLUERVILLE SITE RI/FS: PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 
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B37-6 

01/17/90 

: :..40 

SOIL 
mg/kg 

Boring 37 

ugflcg 

BDL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BOL 
BOL 
BDL 
BOL 
BOL 
BOL 
BDL 
BDL 
BDL 
BDL 
BOL 
BOL 
BOL 
BOL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL ; ; 

BDL 
7.6 

05.2 
5 

350 
1700 

350 
350 
350 
350 

1700 

1700 
8.4 
8.4 
8.4 
8.4 
8.4 
17 
17 
17 
17 

8.4 
17 
17 
17 

8.4 
8.4 
84 

170 
84 
84 
84 

170 
84 

170 
84 
17 
84 
84 

.0.52 

B37-6 

01/17/90: 

:.: -48-: 
SOIL •:.-,• • . ' i - l ' 
mg/kg 
ug/kg: 

BDL 
BDL 
BDL 
BDL 
BOL 
BOL 
BDL 
BOL 
BOL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BOL 
BDL 
BOL 
BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDLv , 

7.1 
91 
10 

iiiii:-

370 
1800 

370 
370 
370 
370 

1800 

1800 

180 
80 
89 
89 

180 
89 

180 
89 
18 
89 
89, 

0.55< 

B37-7 

01/17/90 

• - ^ ' • • y 0 

SOIL 
mg/kg 

EPA QA Spike 
Samples 

ugAg 

BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BOL 
BOL 
BDL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BOL 
BDL. 

BDL 
7.4 

79.2 
11 

370 
1800 

370 
370 
370 
370 

1800 
1800 

180 
89 
89 
89 

180 
89 

180 
89 
18 
89 
89.. 

o:63. 

B37-8 

01/17/90 

0 
SOIL 
mg/kg 

ugflcg n 

BDL 
BOL 

1100 

'1600 

1200 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BDL 

22 
11 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

7.4 

8 

360 
1700 

360 
1700 
1700 

8.6 
8.6 
8.6 
8.6 
8.6 
17 
17 
17 

17 
17 
17 

8.6 
8.6 
86 

170 
86 
86 
86 

170 
86 

170 
86 
17 
86 
86 
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COLUERVILLE SITE RI/FS: PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

• • . .. LAB SAMPLE \0 

: SAMPUNG D/VTE 

.•.••"-:-'••."..- "••- i -DEPTH •• 

••; MATRDC-
CMP CL COMJPOUND 1 UNITS i 

101 M Antimony 

102 M Arsenic 

103 M Berylttuni: , 

104 M Cadmium 

105 M Chromium. ... 

i 0 6 M Copper 

107 M Lead 

108 :M Mercuiy : 

109 M NJctel 

110 : M Selenium 
t l i : ••^•••••Si lwer ... 

112 M Thall ium 1 
•1,13 :M... :-2hc| ' " ' 

i l 4 M Barium 
116 M Iroo; 

•118.: ••• M: •. • Manganese" - - • ; 

.^•|17:::' '»li.-ViBuiadium. :•::.:.::• , 

118 M A l u r n i n u m •: 

120 i M - Cobalt•<:• 

.121 : - |M : , iMaone« (um. ' i . ' 

: 12iB.:.' M^ ••-Calc ium - • •-

•• i3b ' : :M.- .S<Xf lum- '•': A ' " ' ' y ^ l : " ' > •:•'••:... 

131 •• :M^^:Pei tawium. ••::•:-: • 

-::-. -UNrrs -
203 V Benzene 

205 V Bromoform 
206 V Carbontetrachloride 

207 V Chlorobenzene 

208 V Dibromochloromethane 

209 y Chloroethane 

211 V: Chlorofonn 

212 V Bromodichloromethane 

214 V 1,1-Dlchloroethane 

215 V l>-Dichloroethane 

218 V l . i iOlchloroelhene 

217 V 1 ̂ ^Oich loropro fMnoiy . . ' -

218 V : :ae^1iaM>tchlofO()ropene : 

218 V Ethytbeiizene: i 

220 V Bromomethane 
221 V Chloromethane 

222 y i Methylene chloride 

223 V t.1>,2-Tetrachloroethane 
224 V t(rtrachtoroalhene 
^226i ' y l ^ : Jah i»n& :mm 

227 y 1,1,l ir :T^loroett)arie 

228 y 1.1 ̂ -Trichloroethane : 

229 y Trichloroethene i 

231 ; V; Vinyl chloride 

250 y tran»-1>4!>ichl6ropropene 

•2i5l'--V: styrene" :.:-• : i . • 

.262^ y-• •Acetone'-:-:.•.;: 

^^53. V 2-eutanone.':i:' 

254 y C a r b d t i d l s u l f ^ e i 

256 V 2THexBnone 

256 V 4-Methyl--2-pentanone 

257 V VinylaceUte 

2 8 S y X y l e n e e (total) 

289 y T>'bichloroethene(TotaO 

Boring 38 

B38-1 : 

01/17/90 

• -: 10 
SOIL 
mg/kg 

BDL 5200 

12500 • N * F 

290 B P 

BDL 1200 

24400 P 

18800 P 

15800 F 

BDL 100 

29700 P 

BDL 2500 

BOL 090 

BDL 490 

72200 P 

430000 P 
3E+07P 

2E-f06P 

41800 E P 
2E+07P 

20000 P 

3E-K)6 E P 
2E-»06 - P 

1E+06BP 
2E+06P 

ug/kg.' .:• 

BDL 39000 

BDL 30000 

BDL 39000 

BDL 39000 

BOL 39000 

BOL 77000 

BOL 39000 

BOL 39000 

BOL 39000 

BOL 39000 
BDL , 3 9 0 0 0 

B D L ; : 30000 

BDL r 39000 

BDL 39000 

BDL 77000 

BDL 77000 

17 B 

BDL 39000 

11 

87 

BDL 39000 

26 

1E«6 0 

BDL 77000 

BDL 39000 

BDL 39000 

49 B 
190 

BDL 39000 

BDL 77000 

BDL 77000 

BDL 77000 

3 J 

200 

B38-2 • 

01/17/90 •,. 

: • 1 6 . ' : : . • . " 

SOIL • 
mg/kg 

BOL 4900 

1500 B S N * 

BDL 230 

BDL 1200 

17400 P 

7700 P 
8700 F 

BDL 110 

13700 P 

BDL 450 

BOL 930 

BOL 450 

31400 P 

110000 P 
1E+07P 

423000 P 

' 30.100 E P 

2E-»07 

6300 B P 
2E+06 E P 

1E+06 • P 
BDL 345000 
BDL 291000 

ugikarmmmm':':"^ 
BOL 6 

BOL 6 
BDL 6 

BDL 6 
BDL 6 

BDL 12 

BDL 6 

BDL 6 

BDL 6 

BDL 6 

BDL 6 

BDL 6 

BOL^l-i'.:- • .̂ '̂  6--

BDL' 6 

BDL 12 

BOL 12 

31 B 

BDL 6 
BDL 6 

BDL 6 

BDL 6 

BDL 6 

1 J 

BOL 12 

BDL 6 

BDL 6 

29 B 

BDL 12 

BOL 6 

BDL 12 

BDL 12 

BDL 12 

BDL 6 

BDL 6 

B38-3: 

01/17/90 

'•:... 24 

SOIL: 
mg/kg 

BOL 
3300 

840 

BOL 
20400 
10400 
9700 

BOL 
14500 

BOL 

BDL 

BDL 
39000 

82300 

5200 

B S N * 

B P 

1200 
P 
P 
F 

100 
P 

490 

990 
490 

P 
P 

2E+07 P 1 

326000 

24900 

2E+07 

4500 

P 

E P 

B P 
2E406 E P 1 

2E-»oe 

BOL 
BDL 

* P 
370000 
313000 

iiaflfii:fm?-::m:-A 
BOL 

BOL 
BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL, 

BDL 

BDL 

BOL 

BOL 
18 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
45 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

13 

13 

13 

B 

6 

6 

6 

6 

6 
6 

13 

6 

6 

B 

13 

6 

13 

13 

13 

6 

6 

B38-4 

01/17/90 

32 
SOIL 

mg/kg 

BOL 

BOL 

BDL 

BDL 
6600 

BOL 
1700 

BDL 

BDL 
BDL 

BDL 

BOL 

4500 

7100 

-

4300 

620 

200 

1000 

P 
820 

F 

100 
5900 

2100 

820 
410 

P 

B P 
1E+06 P 1 

51200 

8600 

P 

B E P 

3E+06 P 1 
670 

119000 

160000 

BOL 
313000 

B P 

B E P 
B * P 
305000 

B P 

ugf lcg: . . . : . ; : : •.:•:- .:| 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL . 

BDL 

BOL 

BOL 

BOL 

16 

BOL 

BDL 

2 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

52 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

5 

5 

5 

5 

5 

10 

5 

5 

5 

5 

5 

5. 

5-

5 

10 

10 

B 

5 

5 

J 
5 

5 

5 

10 

5 

5 

B 
10 

5 

10 

10 

10 

5 

5 
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COLUERVILLE SITE RI/FS: PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

• L A B S A M P L E ID 

: SAMPUNG DATE: 

-.:•: DEPTH 

•::-:. •MATRDC . 

CMP CL COMPOUND :; UNtTS 

B38^1 

01/17/90 

Boring 38 

10 

SOIL: 
mg/Kg 

B38-2 

01/17/90 

SOIL 
mg/kg 

16 

380 

380 

380 

380 

380 

380 

380 

380 

380 

380 

380 

380 

380 

380 
380 

380 

380 
380 

380 
380 

380 

770 

380 
380 
380 

380 

380 

380 

380 
380 

380 

380 

380 

380 

380 
380:. 

380 

380 

380 

380 

380 
380 

380 

380 

380 

380 

380 

1900 

1900 

1900 

380 

380 

380 

1900 

1900 

380 

1900 

B38-3 

01/17/90 

SOIL 
mg/kg 

ug/kg 

BDL 

BOL 

BDL 

BDL 

BOL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

1 

BOL 

BOL 
BOL 

BOL 
BDL 
BDL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 
BOL 

BDL 

BOL 

BOL 
BOL 

BOL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL:; 
BDL 

BDL 

BDL 
BDL 
BDL 

BDL 

BOL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

24 

838-4 

01/17/90 

SOIL 
mg/kg 

32 

UNrrs ugflcg u q / k g ug/kg 
401 B 

402: B 

403 B 

4 0 5 / B 

406 B 
407 B 
408 B 

409 B 
410 B 

^411 :B 

412 B 
413: B 
414 B 
416 B 
416 B 

•"417":.B-
418 vBl 
'419.:-.B-
•4iz0'. -&'•' 
421 B 
MV B 
' ^ " • ^ • • • 

•42'4.iB. 
425 B 
426 B: 

427 si 
428 B 

429 B 

431 B 

432 8 

433 B 

434 B 

435 8 

436 B 

437 B 

4 3 8 >'.&;• 

438 8 

440 B 

442 B 

•'•443 •' B , 

444''^8'-
f * 6 : B 
'44a; B^ 
474 B 
475 is 

478 B 
477; B 

478 B 

478 B 

480 B 

apt 
$32 

803 

804 

806 

608 

807 

Acenaphthene . 
Acenaphthylene y 
/khthracene . . 

Benzo(a)anthracena .. 
Ber)zo(a)pyrene . 
Benzo(b)fluoranthene 
Bertzio(g.h4perylene 
Benzo(k)fluoranthene 

. bis(2^htorciethcD(y)mettiane 
bi8(2-Chloroethyl)ebier: : 
t>is(2-Chk>roi8oprbpyl)ether 
biatZ-EthylhexyQphthalata 
4^-BrDmophenyl phenyl ether 
Butylbenzylphthalate 
2-Oiloronaphthalene 
4-Chlorophenyi phenyl ether 
Chrysene- -: ' 
Diberizo(a,h)ahthr«cene 
1.2-Olchlorobenzene.. . 
:.t,S-01chl6rotienzeiM 
li^4^chlorbt>enzetie :;. 
3,3'-D«^lorol>enzldine :;:: 
Diethyl phthalate I 
Dimethyl phthalate 
Di-n-butylphthalate ..;: 

2,4-Dinitrataluerie 

2,8-Oinitrotoiuene:.: 

Di-n-octylphthalate. 

Fluoranthene 

Fluorene 

Hexachtorot>enzene 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hoxachlbroethana 

Indena(lj2,3-cd)pyirenev : 

Isoptwirorie-.',-;..-': 

Ni^lithalerw-.-;: 

:'Nitrobenzene. 

^Ml|ltro|K>-4i-rl-prdpylalnlne 

lf-Nitrosodiphenylamine(1) : 

PhenanttiTerie 
Pyrene-.- -

t j2.4-trfchk)rot>enzene 

'Benzyl.akiohat :•.::•-

4-OhlarDeniline:.::;: 

Oibenzoturan . . . 

2-Methylnaphthalene 

2-Nltroanlllne 

3-NitroanitIne 

4-Nitroanlline 

2-Chlorophenot .7 

2,4.0lchlorbphenbl: : 

2,4-Dimelhylphefiot 

4.8-Olnitr(>-2-inethylphehol 

2.4-I}initrophenq< 

2-Nltrophenol 

4-Nitrophenol ...••• -' •-••• 

BDL 
BDL 
BOL 
BOL 
BOL 
BDL 
BDL 
BDL 
BDL 
BOL 
BOL 

BDL 
BDL 
BOL 
BDL 
BDL 
BOL 
BOL 
BOL 
BOL 
BDL 
BDL 
BDL 
BDL 

BDL 

BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL:-: 
BDL 
BDL 

BOL 

BOL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

1000 

180 J 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 
410 
410 
410 
410 
410 
410 
410 
410 
820 
410 
410 
410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

2000 

2000 

2000 

410 

410 

410 

2000 

2000 

410 

2000 

BOL 
BOL 
BOL 
BDL 
BDL 
BOL 
BOL 
BDL 
BDL 
BDL 
BOL 
BOL 
BDL 
BDL 
BOL 
BDL 
BOL 
BOL 
BOL 
BOL 
BOL 
BDL 
BDL 
BDL 
BOL 

BDL 

BOL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BOL 

BOL 

BDL 

BDL 

BOL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

410 
410 

410 

410 

410 
410 

410 

410 

410 

410 

410 

410 
410 

410 
410 

410 
410 
410 
410 

410 
830 

410 
410 
410 

410 

410 
410 

410 

410 

410 

410 

410 

410 

410. 

410-
410 

410 

410 

410 

410 
410 

410 

410 

410 
410 

410 

2000 

2000 

2000 

410 

410 

410 

2000 

2000 

410 

2000 

BDL 

BDL 

BDL 

BDL 

BOL 
BOL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BOL 
BDL 

BDL 
BDL 
BDL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 
BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 
BDL 
BDL 

BOL 

BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
690 
340 
340 
340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340: 

340 

340 

340 

340 

340 
340 

340 
340 
340 
340 
340 

1700 
1700 

1700 

340 

340 

340 

1700 

1700 

340 

1700 
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COLLIERVILLE SITE RI/FS: PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

U B S A M P L E I D 

SAMPUNG DATE 

DEPIH 

MATRIX 

CaUP C L COMPOUND UNITS 
• - UNrrs-.-:-:-: 

808 A 4--Chloro-3-4nethylphenol 

609 A Pentachlorophenol 

810 A Phenol 
811 A 2.4,B-Trichlorophenai : 

620 A 2-riylethylphenot 

622 A 4-4l4ethylphenoi 
625 A Benzoic acid 

826 : A : 2.4>-trichlorophenot . : 

n r p'-Atdrin-•::••::-•:.•••:-:.;.:-:-::::|:|...-.^.i 
7 0 2 . > . Alpha-BHC ; .:'::.:-."-̂ -:':r::•-":-:-: 

703' •.,' P; '• . 8 e t i - B H C ' 

70S P Deita-BHC : 
707 P 4,4'-DDT i 

708 P 4.4';-ODE 
•709.-••p ' :4.4V0pb :.. ; 

' 710 ••• p i " - O l e W r l n •••-:-:'•:.. 

7 1 1 \ P , Endoeul(an'.iV'i:^\ 

• 7 * 2 • . . i EnjfcMWltan.H::::-

7 1 3 P E f idoau l lan sulfate:: 

. 7 1 4 . ' • P:;:.. •Endrin • ;l y -

7 1 8 P Hep tach lo r : 

7 i 7 P H e p t a c h l o r e p o x i d e 

718 > PC&-1242 
719 P PCB-12S4 ' 

720 P P C B - l i 2 1 
721 p PCB.^1232 

722 P PC8-1248 

723 P PC8-1260 

724 P PC8-1016 
725 P Toxiaiphene 

728 P p4)'-Methdxychlor • :; 

738 P : Endrfn ketone 

747 P Alpha chlordane i 
748:-- P;.:- Qamma'chlordane:-:....;..-::: 

lOOliO-::- Cyahide:;:..;-:..:..•. 

1047 C-; pH : 
1080 C Percent Solids 

1082 C 46 Moistura^Uridecantekl i 

Boring 38 

B38-1 

01/17/00 

10 

SOIL 
mg/kg: 
ugflcg 

BDL 

BOL 

BDL 
BDL 

BOL 

BOL 

BOL 

BDL 

BDL 

BOL 

BDL 

BDL 

BOL 

BDL 
BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BOL. 

BDL 
BDL 

BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 
B D L . , 

BDL^-^''. 

6.8 

81.2 

19 

410 

2000 

410 
410 
410 

410 

2000 

2000 

9.8 

9.8 

9.8 

9.8 
9.8 

20 

20 

20 
20 

9.8 

20 

20 

20 

9.8 

9.8 
98 

200 

98 

98 
98 

200 

98 

200 

98 

20 

98 
98. 

0.62 

B38-2 

01/17/90 

16 

SOIL 
mgflcg 

ugflcg ; 

BOL 

BOL 

BOL 

BDL 
BOL 

BOL 

BDL 

BOL 

BDL 
BDL 

BOL 

BDL 

BDL 
BDL 

BDL 

BOL 

BDL 
BDL 

BDL 

BDL 
BDL 

BDL 
BOL 

BOL 
BOL 

BDL 

BOL 

BOL 

BDL -
BOL 

BOL 

BOL 

BDL 

BDL 
BDL. 

BDL- • 
7.5 

85.6 

14 

380 

1900 

380 

380 
380 

380 

1900 

1900 

9.1 
9.1 

9.1 

9.1 

9.1 

18 
18 

18 

18 
9.1 

18 
18 

18 

9.1 
9.1 

91 

180 

91 

91 
91 

180 
91 

180 

91 

18 

91 
• 1 

0.58: 

B38-3 

01/17/90 : 

24 

SOIL 
mg/kg 

ugflcg j 

BOL 

BDL 
BDL 

BOL 
BOL 

BOL 

BDL 

BDL 

BDL 
BDL 

BOL 

BDL 
BOL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BOL 
BDL 

BDL 

BOL 

BOL 
BOL 

BDL 

BOL 
BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL..: 

B D L . . 
7 

80.5 

20 

410 

2000 
410 

410 
410 

410 
2000 

2000 
0.7 
9.7 

9.7 

9.7 
9.7 

19 

19 
19 

19 

9.7 

19 

19 
19 

9.7 

9.7 
97 

190 

97 

97 
97 

190 
97 

190 

07 

19 

97 
97. 

0:62, 

838-4 

01/17/00 

32 

SOIL 
mg/kg 

ugflcg 1 

BOL 
BOL 

BOL 
BDL 
BDL 

BDL 
BDL 

BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BOL 
BDL 

BDL 
BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL . 

B D L H , 

7 

95.8 
4 

340 

1700 
340 
340 
340 

340 

1700 

1700 
8.2 

8.2 

8.2 

8.2 
8.2 
16 

16 

16 
16 

8.2 

16 

16 
16 

8.2 

8.2 
82 

160 

82 

82 

82 
160 

82 

160 

82 

16 

82 
. -• 8 2 : 

0.52; 
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COLUERVILLE SITE RI/FS: PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

;LABSAMPLEID 

SAMPLING DATE 

DEPTH 

MATRIX 
CMP CL COMPOUND UNrTS 

101 : M Antimony :; 

102 M Arsenic • ; i 

103 M BerylUum /;',.• 

-104 ••M-:-VCadmJum.-il;; 

105 M ; Chromium 7 1 / 

108-' M . Copperi i ; : ; . ' ' ' : : : : ; : : : : . ! ; : - :•• : . 

•107:-M. ' L e a d ' . - i 1 - -

108 M Mercury 

109 M Nickel 

I I O - M'"-Sielonium -•''' 
t i l i l y f S i h w r 

112 :»* Thallium 
113:.: . ;M|2bc .•".":':• 
• t l 4 iM i ' ^Bar i i im i 
•115. ' ^M: i r« ) r» :•.:.•:•:.:••• •.;•:•-:.-

' l l S - M . Manganese. ' ; -1 : V ; : i | ' : ' 

. ' t i r - . : M•".:Vanadium ' ' i ' : 

118 M Aluminiiiin : : : 
•: i 2 0 " : i M • • Coba l t : t '•• '"• 

, 1 2 l ' . ' : M - . - . M a g n e 8 l u m ' - ' : : ' . - i . i . . -

''i»v-M ..•<::Bicium. :mymAmA.. i 
X M M." Sodium::;;;•.::-:' 

131 M Potassium 
-"•..:-::-:-:-.UNrrs-; • 

203 V ; Benzene 

206 V Bromoform 
208 V Carbon tetrachloride 
207 V Chlorobenzene 

208 V DibromochloronMthane 

209 V Ctiloroethane 

211 V Chloroform ; 

212 V : Bromodlchlorcimethane 

214 y m-Oichloroelhane 

215 y 1^-Dichloroethane 

218 V 1,1-t>chlor6ethene 

••217.v..y:: :t.2-01chloropropane-i;: '.'i.;:•";.; 
218 ::V: Cie-l4rDichforopropene; ; 

219 - y " 'EthylbefHeho,;:'l l:.::-
220-. y.:.: Brbrik)inethane^v-l:V-. 

221 • I V •': ChlbrpiriMthane-;;' •: ,• 

222 V Methylene chlortde 

223 V :t , l i ,2-Tetr«ichloroethane 

224 y Tetrachibroethene:: 

22i5- V T b l u e n e l •:••.•-.-;".-• 
227 : V T.l.i '^THchlorbethiina 

228 y t .1>-THchioroethone; 

229 y Trichloroethene 

231 Y Vinylchloride 

250 V Trane-1,3-Dichloroprop«ine 

'261. : V styrene-' 

252 .V: ' Acetone""i i ' : 
ZS3 : '.y' « u t i n q n « i i : ' : •-
264 y CarboJi disulfide : 

-256 . -V ' i -Hexanone: . : : - ! . i ' i 

256 y 4-Methyi;-i2-pentanbne / 
267 y Vinyl acetate 

288 y Xy(enee(TotaO 

299 V T,2^4}ichloroethene(TotaO 

Boring 38 

B38-6 

01/17/90 

40 • ' • ! : 

SOIL 
mg/kg 

BOL 4400 

57500 P 

1200 P 

BDL 1100 

16800 P 

BDL 870 
11700 F 

BOL 100 
BDL 6300 

BDL 420 

BOL 870 

BDL 420 

45300 P 

30600 B P 
4E+07P 

187000 P 

14600 EP 
6E+06P 

7000 B P 

477000 B E P 

473000 B * P 
392000 B P 

582000 B P 

ugflcg:::::;: 

BDL 14 
BDL 14 

BDL 14 

BDL 14 

BDL 14 

BDL 27 

BOL 14 

BDL 14 

BDL 14 

BDL 14 

BDL . ; - . . 1 4 

8DL.:-::v-'::--^:''^'^ 14--
BOLii'.--,;;:;:,-.•--,-:-14 

BDL • ' 14' 

BDL 27 

BDL 27 

15 B 

BDL 14 

BDL 14 

BDL 14 
BOL 14 

BOL 14 

3 J 

BOL 27 

BDL 14 

BDL 14 
330 B E 

BDL 27 
BDL 14 

BDL 27 

BDL 27 

BDL 27 

B38-6 

01/17/90 

48 

SOIL 
mgflcg 

BDL 5100 1 

1100 B N 

1300 P 

• F 

BOL 1200 { 
14900 P 

BDL 

5800 F 

BOL 

B70 

100 
BOL 7000 1 

BOL 

BOL 

BOL 

44700 P 
17800 B P 

2E+07P 

62500 P 
25200 E P 

9E406P 
3100 B P 

lE-tOOEP 
2E406*P 

500 

B70 

500 

BDL 362000 | 

989000 B P 

U9ni9^\: :m.:ym::m:\ 
BOL 

BOL 
BDL 

BDL 

BDL 

BDL 

1 J 

BDL 

BDL 

BDL 

BDL 

BDL. : 

BDL ...I' 
BDL 

BDL 

BDL 

17 B 

BDL 

BDL 

5 J 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 
51 B 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 14 BDL 

BDL 14 BDL 

12 
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COLUERVILLE SITE RI/FS: PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

LABSAMPLEID 

SAMPUNG DATE 

DEPTH 

MATRIX 

CMP CL COMPOUND UNITS 

UNrrs 
401 8 Acenaphthene 

402 8 Acenaphthylene 

403 8 /Anthracene 

405 8 Benzo(a)anthracene 
408 8 Benzo(a)pyrene 
407 B Benzo(b)nuoranlhene 
408 B :Benzo(a.h.i)perylene 

400 B Benzo(k)nuoranthene 

410 8 bia(2-ChIoroethaxy)methane 

411 B bis(2-Chloroethyf)ettier : 
412 B bJ8(2-Chloroisopropyl)ether 

413 8 bi8(2-Ethylhexyijphthalate 

414 B 4-Bromophenyl phenyl ether 
415 8 Butylbenzylphthalate 

416 B 2-ChIoronaphthaIene 

4 i 7 B •-Chlofophenyl phenyl ether 

418 8 Chrysene 
418 8 Olbenzb(a,h)ahthracene 

4iZ0 B 1.2-Olchlorobenzen* 
421 B t,3-Dichlorobenzene 

422 B : t.4-Oichklrobe^^er^s 

423 8 3.3'-Di<:hlorobeh3idine 

424 B Diethylphthalate 
425 B Dimethylphthalate 
428 B Di-n-butylphthalate 

427 B 2.4-Dinitrotofuene 

428 8 2,6-Dinitrotoluene 

428 B Oi-n-octylphthalate 

431 8 Fluoranthene 

432 B Fluorene 

433 B HexachlorotMnzene 
434 B Hexachlorobutadiene; ; 
43B 8 Hexachlbrocyclbpantadlene 

438 8 Hexachloroethane 
437 : B : lndenotliz.3-cd}pyrMW : : : 

438 B : Isophorone: 

438 8 Naphthalecie 

440 8 Nitrobenzene 

442 Bl N-NHroeo-dl-n-ipropylamine 
443 B N-Nitrasodlphenylamine(1) 

444 B Phenanthrene 
446 8 Pyrene 

448 B t.2,4-Trichloroben2Bn« 

474 B Benzyl alcohol 

476 B 4-ChlarDaniIine 

478 8 Dibenzofuran 
477 8 2-Methylnaphthalerie 

478 B 2-Nltroaniline 

478 8 3-Nitroaniline 

480 8 4-Nitroaniline 
601 A 2-ChlorophenoJ 

802 A 2.4-Olfchlorophenol 

803 A 2.4-dimethylpheno> 
804 A 4.e-Oinitrb-2-methy1phenQl 

806 A 2.4-OInitrophenol 
80a A 2-Nltrophenal 

807 A 4-Nitrophenol 

Boring 38 

B38-5 

01/17/90 

40 

SOIL 

mg/kg 

ugflcg "1 
BOL 

BDL 

BDL 
BOL 
BOL 

BDL 
BDL 

BDL 

BDL 

BOL 

BDL 

140 

BDL 
BOL 

BOL 

BOL 

BDL 
BDL 
BOL 

BDL 
BOL 

BDL 

BDL 
BDL 
BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDLV V 

BDL:;vi.i"'' 
BDL 

BDL 

BDL 

BDL 

SDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

360 

360 

360 

360 
360 

360 

360 

360 

360 

360 

360 

J 

360 
360 

360 

360 

360 
360 
360 

360 
360 

720 

360 
360 
360 

360 

360 

360 

360 

360 
360 

360 

360 

360; 

i 360 

360 

360 

360 

360 

360 

360 
360 

360 

360 

360 

360 

360 

1700 

1700 

1700 

360 
360 

360 

1700 

1700 
360 

1700 

B38-6 

01/17/00 

48 

SOIL 
mgflcg 

ugflcg ) 

BDL 

BOL 

BOL 

BOL 
BOL 

BOL 

BDL 

BDL 
BDL 

BOL 

BDL 

160 

BDL 

BDL 
BOL 

BOL 

BDL 
BDL 

BDL 
BDL 

BOL 
BOL 

BDL 
BDL 
BOL 

BOL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL: 

BDL. 

BDL' 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

410 

410 

410 

410 
410 
410 

410 

410 

410 

410 

410 

J 

410 
410 

410 

410 
410 
410 

410 
410 
410 

820 

410 
410 
410 

410 

410 

410 

410 
410 

410 
410 

410 

410 

410 

,' 410i 

410 

410 

410 

410 

410 
410 

410 

410 

410 

410 

410 

2000 

2000 

2000 

410 

410 

410 

2000 

2000 

410 

2000 
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COLLIERVILLE SITE RI/FS: PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

;iiii:;;:li;:i:.|;|.;iifi|i::i::ij^ 
:iiliiii;::i:;:.iii:iiiiili;;s^ 

-•• :t)EPTH ::;;̂-
ii::i:i::;;ii:"iii:::;:liSii:i:|::;|::iiiii::;,:MA^ 
iiiiAp:|CL^ ^cbMi^iiJNDi:::;^^ 

:: UNrrS:;::::::;::::; 
608 A 4-Chlora-3-methylphenol 

• :«»i:- : : / i i i i^Pent^ 
:ei6i;iA:iil!lienoliiiii:|^^^ 
-iyi:ii:^A:|:i4;di|Trt^ 
:;82bi''i'A::^.'i2|Ub^ 
:i22;;;;::;||::pMelhylpiM« 
•:(^:ii^*ii:iin«>HBMiii:i:i;i;ii::i::-;::;:-:\ 
:^iB»;i Ai::: 2 ;4|5^r lc i i lo^ 
:i*i>iii:;:iS--AidHn;|:i.::::::iiiii:iiiiiii:^^ 
:;!iro2::i;:pi:i/upha^i^b 
;7bi3*liii::Beb»|BiHSi^ 
:^inbi(i|:i:pilGiam 
;7P5;i : ; ;^pi; iDei ia^ 
'iTO^ii;P:ii:i4i4r|ik^ 
:>Mii^ipiii4,4%^iiiiiiii i i i i:i 
'709::i::P:;:;::.i4 •i-|DDD::;::liil::;'-''^^ 
;:|̂ i»;iiPi:;::iJi«WHiri::::?̂  
i7 l l | i ; : :Pi i : ; :E|rKk^ 
••7^2 i i iF^i i i^ i i i fcJeuiih 
: :* i3:| : : i i»!:S|^r»c^ 
i it<i;iPi:i ' iri(irinii:i;i i i i| l 
::7ilii:Piii::H«ii|ch^ 
::^7'.i::::P.-;: -;: H e p b i c f i i w i p i ^ 
-:7tS:;-:;:-P.:::;:;;.PC8i.i.242:^ 
-:7i 9::-::P:::::-̂ : p b e l i 2S4 :;;: ::•;: 
i72p:::ip'?iiPCBi-i22i-'i:ii::;^ 
[ i z t :;:;:;::P:;.:: Pcist- l SSK:;;::--;- - • 
: :%; ;ipii;;;PCEil248iiii:-iiiii;:.;: .i;::ii:̂  
:723::::::::iF^-;;:^PCB--i.26p;;:•- mmm^^ 
::7?4'i:;P;;;::-;pCBkrl 
::72S. - ••::P.;::;::.T<xxapherie;:p;:..: 
: ; 7 ^ : ; ; i p ' i : : p j ^ ^ y i i i e U ^ ^ 

iTrisimiAAeiidi^ 
: -747|: ipi:i:i>iipha' c»iia^aiioiii;i i:.-
::748:::;:;:P:..;::;:.Qaihina<rta«^^ 
ibiiit:;;C::::::::CyinWo:::;:;::: 

:ip4 -̂;:::cii:ipiHiiii:::::..iiiiii;-:i:iii:i-̂ ^^^^ 
l i b s b i i d " : ::rtireeirit;i^i(*ii;:;::iiii:::::::i 
: i08 i> i ; t ; i : . :46: :Mol i« j re . : '0 i^ ( te(^^ 

Boring 38 

B38-5 

01/17/90 
40 

SOIL 
mgflcg 
ugflcg 
BDL 
BOL 
BDL 
BOL 
BDL 
BDL 
BDL 
BDL 
BOL 
BDL 
BOL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL , 

B D t m •••'": 
"' 6.4 

92.4 
8 

360 
1700 
360 
360 
360 
360 

1700 
1700 

8.5 
8.5 
8.5 
8.5 
8.5 
17 
17 
17 
17 

8.5 
17 
17 
17 

8.5 
8.5 
85 

170 
85 
85 
85 

170 
85 

170 
85 
17 
85 
85 

0.54< 

B38-6 

01/17/90 
48 

SOIL 
mg/kg 
ugflcg n 
BOL. 
BOL 
BOL 
BOL 
BOL 
BOL 
BOL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BDL 
BDL 
BOL 
BDL 
BDL 
BOL 
BDL 
BDL 
BDL 
BOL 
BOL 
BDL 
BDL 
BDL 
B D L ; 
BDLb;A • 

6 
80.7 

19 

410 
2000 
410 
410 
410 
410 

2000 
2000 

9.7 
9.7 
9.7 
9.7 
9.7 
19 
19 
19 
19 

9.7 
19 
19 
19 

9.7 
9.7 
97 

190 
97 
97 
97 

190 
97 

190 
97 
19 
97 
97, 

0.61, 
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COLUERVILLE SITE RI/FS:PHASE 1 SOIL BORINQS ANALYTICAL SUMMARY 

; ; • LABSAMPLEID 

•••DATE 
-'••• DEPTH :' 

:.r-:MATRIX^ 
CMP CL COMPOUND I : ; . UNITS 

101 M Antimony ; : 

.102.^: M Arsenic •.-.:-•;:•; 

103 ;M BeryUiutii:^^ 

104 n i : cadm ium; 

105: M: Chromium .:.. 

108 M Cojsper 

: I O / ; M - Uaad :•-•:..:••.., 

108 M Mercury '. 

iOolM Nickel : 
110 il4 Seienlijm 

111 M Slhier 

:;i12 M Thallium 

1t3-::'M :23ric!̂ :̂̂ ':i 

114 M ;Barium 
l i s M Iron 
l i e M Manganese 

117 M Vanadium 

118 : M Aluminum 
120 M Cobait: •:,':... 

121 M Magnesium 

129 M Calcium ;: 
130 lyi Sodium 

131. i M Potassium 

-••; UNITS 
203 V Benzene 

205 V:- Bromoform 
206 V : Carbontetrachloride 

207 y Chlorobenzene 

208 y Dit>rpmochlorpmeUiane 
209 V Chloroethane: : 

211 V Chlorofonn 
212 V Brombdichlorornethane 3.-

214 y : ; i .i-Oichloroethaiie ; 

215 y 1,2-Dlchlbrpethah* : 

216 y t,1-pichloroethone ;: 
2 1 7 y V : 1>-0ichloropropane>:: :, i 

218 'yi^Ci»^1.3.-Oichloroprop«ie i^ V 
i W -V-^^Ethylbenzene,:"./ ' • 

220 y Brcxnomethahe 
221 V Chloromethane 

222 : y :: Methylene chloride ; 

223 V 1,li;2-TetrachIoroethaive 

224 V Tetrachloroethane . 

226 y Toluene; 

227 y t,1,1r-ftichloroethane 

228 V l . l^-Tr ichloroethar ie 
229 V Trichloroethene i 

231 V Vinyl chloride 

250 y Trans-1,3-Dichloropropene 

251 y Styrene 
252 V /yeetone 

253 V 2-«utanone 

254 V CartKNtdisullide 

255 V 2-Hexaribne 

256 V 4-Methyl-2-pentanona 

257 V Vinyl acetate V: 

288 y Xylenes (Total) 

290 V 1>Oichloroethehe(TotaO 

Boring 39 
B38-1 
; 01/21/90 

•8 . 

SOIL 
mg/kg 

BOL 5.2 
4.4 B F N 1 

0.86 B P 

BDL 
25.8 P * 

17.3 P 

11.9 F N 

1.2 

BDL 0.12 1 

18.2 P 

BOL 

BDL 

BDL 

77.8 P* 

188 P 
24000 P 

233 P N 

37 P 

22300 P* 

6.1 B P 
3100 P 

1110 B P 
43400 P* 

796 B P 

2.5 

1 

0.5 

• 

ugflcg:;: : ; : ; : ; : : :- ; :-: .-: : :.:•••:•-••-:-:. :;-::::j 

BOL 

BOL 
BDL 

BDL 

BOL 

BOL 

BOL 

BOL 

BDL 

BDL 

BDL 

B D L ; ; / - , , •• 

BDL.mAi: 
BD\J 

BDL 

BOL 
18 B 

BDL 

BDL 

5 J 

BOL 

BDL 
30 

BDL 

BDL 
BDL 

17 B 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
18 

6 

6 
6 

6 

6 

13 

6 

6 

6 

6 

6 

6 

• 6 ; 

^.t 
13 

13 

6 

6 

6 

6 

13 

6 

6 

13 

6 

13 

13 

13 

6 

B39-2 

01/21/90 

16 

SOIL 
mg/kg . 

BDL 5.1 

4.5 B F N 
0.66 B P 

BOL 1.2 

22.5 P* 

12 P 
21.4 F N 

BOL 0.12 

14.3 P 

BOL 2.3 

BDL 0.96 

BOL 0.47 

38.8 P* 
110 P 

18300 P 

244 P N * 

36.6 P 

17400 P* 
6.3 B P 

1980 P 

1250 P 
377 B P * 

511 B P 

ugflcg 
BOL 6 

BOL 6 

BDL 6 

BDL 6 

BDL 6 

BDL 12 

BOL 6 

BDL 6 

BOL 6 

BDL 6 

BOL 6 

B D L ; : 6 . 

BDL;. , - . ; 6 . 
BDL 6 

BOL 12 

BDL 12 
14 B 

BDL 6 

BOL 6 

4 J 

BDL 6 

BDL 6 

69 

BDL 12 

BDL 6 

BDL 6 
18 B 

BDL 12 

BDL 6 

BDL 12 

BOL 12 

BOL 12 

BOL 6 

1 J 

B39-3 
01/21/90 

24 

SOIL 
mg/kg 
BDL 
BOL 

0.4 

BOL 
10.7 

6 

5.9 

BDL 
8.2 

BOL 

BDL 

BDL 
18.6 

42 
7890 

268 

16.7 
10600 

3.9 

801 

730 

BDL 
430 

4.7 
0.67 

B P 

P* 

P 

F N 

1.1 

0.11 
B P 

2.2 

0.9 

0.45 

P* 

B P 
P 

P N 

P 
P* 

B P 

B P 
B P 

B P 

• 

}36 

ugflcg :::::::̂ :;-::::-::̂ :::;: 

BOL 
BOL 

B O L ; 

BOL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL, 

BDL: 
BDL 

BDL 

BDL 
14 

BDL 

BDL 

11 

BDL 

BDL 
87 

BDL 

BDL 
BDL 

15 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

B 

8 

11 

0 6 

11 

11 

11 

11 

11 

11 
11 

B 3 9 ^ ..•:- l 

01/21/90: ; 1 

SOIL. 
mg/kg 
BOL 
BDL 
BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

-..34: mm i m \ 

4.4 
0.63 
0.21 

1 
10.9 P* 

2.1 B P 
1.3 F N 

0.11 
6.1 

0.42 

0.84 

0.42 

5.3 P* 

5.9 B P 
2500 P 

16.4 P N * 

8.6 B P 

3080 P * 
0.63 

147 B P 

205 B P 

312 
264 

l i g f l c o ;•.•.:;::: ; : ; ' : - • • • : : : ••:::::::-| 

BOL 

BOL 
BOL 

BOL 

BDL 

BDL 

BOL 

BDL 

BDL 
BDL 

BDL 

BDL . . 

BDL. . 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

5 

5 
5 

• 5 

5 

11 

5 

5 

5 

5 

5 

5 

• ' . • . , 5 ; , 

• 5 

11 

11 

10 B 

5 

5 

5 

5 
5 

5 

11 

5 

5 
26 B 

11 

5 

11 
11 

11 

5 

5 
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COaiERVILLE SITE RI/FS:PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

LABSAMPLEID 

DATE 
DEPTH 

• • MATRIX 
CMP; CL COMPOUND U N I T S 

UNrrs 
401 B Acenaphtherie 

402 B Acenaphthylene 

403 B Anthracene 

405 B Behzo(a)anthracehe 

408 B Banzo(a)pyrene 

407 8 8enzb(b)iiuoranthene 

408 B Benzo(g,h,i)perylene 

400 : B Benzo(k)fluoranthene : 

410 :B| bi8(2-Chlor(>ethox>)fii«tharie 

411 B bl«(2-Chloroeftyl)ether : : 
412 : B bli(2-Chloroi»bpiropyl)othor 

413 B bise-Ethylhexyl)phthalato 

414 B i^-Bromophenyl phenyl ether 

415 :B Butyl b e n : ^ phthalate 

418 ; B ; 2-Chlororwphthaiene 
417 B : :4rChloropheriy(p»»enytether 

418.^8^; Chrysene;--"•:.•:•;;;:••; 
419 B Oibenzo(a.h)anthraciene: 

•'420':;B-; l>Oichlorobenzene':.• :.••;:•:,:;; 

421 is 1,3-DlchlorobenzBne i ; 
422 8 t.4-Dlchlorobenzehe 

423 B |3,3'-Oichlofoben2ldirie ; 
4 2 4 B ib ie thy lph t t ia la te ; / : 

42iS B Dimethyl phthalate ; i : 

426 8 i Di-<i- iutyl phthalate 
427: 8 2.4-Dinitrotoluehe 
428 8 2,6-Oinitrotoluene 

429 B Di-n-octylphthalate 

431 8 Fluoranthene 

432 B Fluorene 
433 B : Hexachlorobenzeiva 

434 ; 8 Kexachlorobutadiehe:/ / 

435 B Hexachlorocycfopentadiene 

438 ; B : Hexachloroethane/ ; 
437 B/: lndeno(1,2, i<d jpyr»he, : 

43S:-• B;-;|aiophoron» ::.• 

438;VB .'-Naphthalene--.••:;:-. 
440 B ( f l t ra t ienzene/ : ^ 

444 : B Phenanthrene ; 

•446- B IPyrene. ' ; : : ^ -
448 B ; jA4-Tr ichlorobenzene : , ; 

•47 t̂̂  -.&• i. Beroyl alcohot • • • 

478 i l 4-Chloroani l ine i ; ; / ; 

478 B blbenzoAiran ; : : :: 

477 B i '^ le lhylnaphmalane 
478 B 2-Nitroaniline 

479 B 3-Nitroariiiine 

480 :B 4-Nitroaniline / 

801 / / ^ 2-Chiorophenol / 

602 A 14-Oichl6rophenol / 

603 A 2,4-Of}nethylpheno( 

804 A 4,e-Dirtitro-2-methylphenol 

605 A 2,4-Olnttrophenol 
808 A 2-Nitrophenol 

Boring 39 
B:»-I 

01/21/90 
8 

SOIL 
mg/kg 

ugflcg 1 
BOL 

BOL 

BOL 

BDL 

BDL 
BOL 

BDL 

BOL 

BDL 

BDL 

BDL 
96 J 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 
BDL 

BOL 

BOL 

BOL 

BOL 
BOL 

BOL 

BOL: ... 
BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BOL 

BDL 

B D L , 

BDli--:i./-
BDL;-:-^;'i:-••-••-
BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

410 

410 

410 

410 

410 
410 

410 

410 

410 

410 
410 

410 

410 

410 

410 

410 

410 

410 
410 

410 

820 
410 

410 
410 

-.410 

410 

410 

410 

410 
410 

410 

410 

410 
410 

410 

410? 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

2000 

2000 

2000 

410 

410 

410 

2000 

2000 

410 

B39-2 
01/21/00 

16 

SOIL 
mg/kg . 

ugflcg 1 

BOL 

BOL 

BDL 

BOL 

BOL 

BOL 

BDL 

BOL 

BDL 

BOL 
BOL 
BDL 

BOL 
BDL 

BDL 

BDL 

BDL 

BOL 

BOL 
BDL 

BOL 
BOL 

BOL 

BOL 
BOL 

BOL 

BOL 

BOL 

BDL 

BDL-

BDL 

BOL 

BDL 

BOL 

BOL .. .. 

BDL.. ' . ; : 

BOL; i 

BOL 

BOL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

400 

400 

400 

400 

400 

400 

400 

400 

400 

400 
400 

400 

400 
400 

400 

400 

400 

400 

400 
400 

400 
700 

400 

400 
400 

400 

400 

400 

400 

400 

400 

400 

400 

400 

, . 400 

400; 

400' 

400 

400 

400 

400 

400 

400 

400 
400 

400 

400 

1900 

1900 

1900 

400 

400 

400 

1900 

1900 

400 

B39-3 
01/21/90 

24 

SOIL 
mg/kg 
ugflcg 1 

BOL 

BOL 

BDL 

BDL 

BOL 
BDL 

BDL 

BDL 

BDL 

BDL 
BOL 

BDL 

BOL 
BDL 

BDL 

BDL 

BOL 

BOL 
BDL 

BDL 
BOL 

BDL 

BOL 

BOL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL.; 

BDL : ; 
BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 
BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

370 

370 

370 

370 

370 

370 

370 

370 

370 

370 
370 
370 

370 
370 

370 

370 

370 

370 

370 
370 

370 

740 
370 

370 
370 

370 

370 

370 

370 
370 

370 

370 

370 
370 

370 

370 

370 

370 

370 

370 

370 

370 

370 

370 
370 

370 

370 

1800 

1800 

1800 

370 

370 

370 

1800 

1800 

370 

B39-4 

01/21/90 
34 

SOIL 
mg/kg. 

ugflcg 1 

BOL 

BDL 

BDL 

BDL 

BOL 
BOL 

BDL 

BOL 

BDL 
BDL 

BDL 
180 J 

BDL 
BOL 

BOL 

BDL 

BDL 
BDL 

BDL 

BOL 
BDL 

BDL 

BOL 
BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL ' ; : 

BDL-' -
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BOL 

BDL 

350 

350 

350 

350 

350 

350 
350 

350 

350 

350 

350 

350 
350 

350 

350 

350 
350 

350 
350 

350 

690 
350 

350 

350 

350 

350 

350 

350 
350 

350 

350 

350 

350 
350 

350; 

350 

350 

350 

350 

350 

350 

350 

350 
350 

350 

350 

1700 

1700 

1700 

350 

350 

350 

1700 

1700 

350 
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COLUERVILLE SITE RI/FS:PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

LABSAMPLEID 
^ DATE 

DEPTH 

MATRIX 
CMP CL COMPOUND UNITS 

UNrrs 
807 A 4-Nitrophenol 
808 A 4-Chloro-3-methylph«nol 

809 A Pentachlorophenoi 

810 A Phenol 
611 A 2,4,6-Trfchlo«)phenol 

820 A 2-Methylphoncl 

622 A 4-Methylphenot 

625 A Benzoicacid 
626 Al 2,4>-TrichIorophenol 

701 P Aldrin 
702 p AlpharanC 

703 P Beta-BHC 

704 P Gamma-BHC (Undane) 

706 P Dalta-BHG 
707 P 4.4*-DDT 

708 P 4,4'-ODE 
709 P 4,4'-DOO 

710 p Dieldrin 
711 P Endosulfan 1 

712 P Endosulfan U 

713 P Endosulfan sulfate 

714 P Endrin 
716 P ; Heptachlor : 

717 P Heptachlor epoxide 

718 P PC8-1242 
719 P PCB-1254 

720 P PCB-1221 
721 P PCB-1232 

722 P PCB-1248 
723 P PCB-1260 

724 P PCB-1016 

725 P Toxaphene 

726 P p.p'-Methoxychlor 

738 P Endrin ketone 
747 : P: Alpha chlordane 

748 : P , Gamma chlordane; : 

1001 C Cyanide 

1047 C pH 

10«O C Percent Solids 

1082 C 46 Mbistaire, Undecanted 

Boring 39 
B38-1 

01/21/90 
8 

SOIL 
mg/kg 

ugflcg 

BOL 

BDL 

BDL 

BOL 
BDL 

BOL 

BOL 

BDL 

BDL 
BDL 

BOL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 
BDL 

BDL 
BDL 

BDL 

BDL 
BOL 

BDL 

BDL 

BDL 
BDL 

BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL t ; 

BDL 

5.8 
80 

27 

2000 

410 

2000 

410 
410 

410 

410 

2000 

2000 
11 

11 
11 

11 
11 

22 

22 

22 

22 
11 

22 
22 

22 

11 
11 

110 

220 

110 
110 

110 

220 

110 

220 

110 

22 

110 

110 

6.62 

B39-2 

01/21/90 

16 
SOIL 
mg/kg 

ugflcg 

BOL 

BDL 

BDL 

BDL 
BDL 

BDL 

BOL 

BDL 

BDL 
BDL 

BDL 

BOL 

BDL 

BDL 
BDL 

BDL ' 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BOL 

BOL 

BOL 

BDL 
BOL 

BDL „ . 

B O t , . , , 

BOL 

6.5 

83 

17 

1900 

400 

1900 

400 

400 
400 

400 

1900 

1900 

96 

190 
96 

96 

96 
190 

96 

190 

96 

19 

86:: 

96: 

0.6 

B39-3 
01/21/90 

24 

SOIL 
mg/kg 

ugflcg 

BOL 

BDL 

BDL 

BOL 
BDL 

BDL 

BOL 

BOL 

BDL 

BOL 

BDL 

BDL 

BOL 

BOL 
BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 
BDL 

BDL 

BDL 
BDL 

BDL 

BOL 
BOL 

BOL 

BDL 

BDL 

BOL 

BOL 

BDL : , 
B D L i : 

BDL 

6.0 

88.6 

11 

1800 

370 

1800 

370 

370 
370 

370 

1800 

1800 
9 

9 

9 

9 

9 
18 

18 

18 
18 

9 

18 
18 

18 
9 

9 

90 

• 180 
90 

90 

90 
180 

90 

180 

90 
18 
90. 

90 

0.56 

B39-4 
01/21/90 

34 

SOIL 
mg/kg 

ugflcg ::.:::-:. 1 

BDL 

BOL 

BDL 

BDL 
BOL 
BOL 

BDL 

BDL 

BOL 
BOL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BOL 

BOL 

BDL 

BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

B D L , 

BDL 
BDL 

7.5 

94.6 

1 5 

1700 

350 

1700 

350 
350 
350 

350 

1700 

1700 

8.4 
8.4 

8.4 
8.4 

8.4 

17 

17 

17 
17 

8.4 

17 
17 
17 

8.4 

8.4 

84 

170 
84 

84 

84 

170 

84 

170 

84 

17 

84; 

84; 

0:53 
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COLLIERVILLE SITE RI/FS:PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

• • : - u iB SAMPLEib •-

'• ; . ' bATE. 

. .: btPTH • 
;/••;•;••:•-.:•••::• - MATRIX.-

CMP CL COMPOUND V: -UNtTS 

101 M : Antimony : 

.102 ' M .-Arsohic-::;..:-
103 M BerylUum 
104 i l* Cadmium : i 

105 M Chromium 

10e".-M -Copper:,,, ; 
-.107 M^^^Lead ,' 
108 M Morcuiy 

. 1 0 b / M - ^ . N i c k e i : : ' / 
: i lO ' : M Se len ium, - • - / : : ; " •-;••-•:• 

• I t i - M...S«vW--::::: 
•112V Hi/ThalliumV:::•.:;;•.;. 

'• ' l IS'Mi. 'zinc,""^; ' ' 

•114-M^'VBariuin"''"'•;••"-• 
116 M Iron ; 
l i s M Manganese 

117 M Vanadium 

118 M Alumlnutii i 

• 120 •;• MV Cobalt -
121 M Magnesium ; 

128 M Calcium 

T 3 6 ; . M - S o d i u m •;::•.'"":-
:^1S1.^^M":'piotas8l'um--:'. 

•-..:: UNITS 
203 V Benzene :: 

205 V Bromolbrm 
206 V Cart>pn tetrachloride 

207 V . Chlbr<>t>ehzena . ' 

208 y Dibrbinochlorornethane 

209 y Chlorbethane 

211 V Chlorofcwm 

212 V Bromodichloromethane 

214 V t,1-Oichloroethane ; 

216: y ; 1>^Jichi«oeithane i i 

218 V 1,1-Otehloroethene 
217- ..-..V ••::1;2-blcWorbprop«na:;;;i::::::.;::: 

218 V a e r l i a ^ h l o r o p r o p e i i e i : i ; ; 

.219•-; y . ethylbenzene '.•'m 

326 ; V . BrcMiometfiane^' 

.221 y ': Ctiloromethana.,:.: -: 

222 V Methylene chloride : : : : i ; i 

223 V 1,1,2.2-Tetrachloroettkaiwi : 

224 y TefriBhIorpetherie:; • i: : 

•226.iv-Toiuwie;;;:;-::^v.:|;-. 
227 y t ,1,1-fr ichioroethane; 
228 V 1,1,2-trlchloroethirio 

229 V Trichloroethene; ; : : : 

231 y Vtijyl chloride r i ' . y 

250 V Trah»-1,3-Dichloropropene 

251 y Styr«n« 
252 V.,.;Acetone^^^';. 
263 y 2-Butanone 

264 y Carbon^disulfide 

256 y 2-Hexwione 

267 V Vinyl acetate 

288 V ; Xylenes (Total): 

299 V i.2-Olchloroethi9he(TotaO 

Boring 39 
B38-S - - .. 

01/21/90 

S O I L 

m g / k g 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BOL 
BDL 

':i>Wiii;-:,:-:::::,::::?:: 

4.4 

0.87 B F N 
0.21 

1 

19.1 P * 

3.2 B P 
1.5 F N 

0.11 

6.8 B P 

0.42 
0.83 

0.42 

10.8 P * 
5.9 B P 

9990 P 

47.5 P N * 

15.7 P 

3510 P* 

1.9 B P 
134 B P 

165 B P 
309 

262 

ugflcg:;:::;::::::::::::-.-:----;::.-.-.:^ 

BOL 

BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL, 

BDli:: 
B D L ' 

BDL 

BDL 

BDL 

BDL 

BDL 
BOL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

5 
5 

-••- - S 

5 

5 

11 

5 

5 

5 

5 

5 

- : 5 

iV^i-'-i-i.-'S:-
v • '' • - 5: 

11 

11 

13 8 
5 

5 

3 J 
5 

5 

5 J 

11 

5 

5 

31 B 
11 

5 

11 
11 

11 

5 
5 

839-6 

01/21/90 
48 

SOIL 
mgfllig 

BDL 4.3 

0.77 B F W N 

BDL 0.2 
BDL 1 

11.1 P * 

1.5 B P 
1.5 F N 

BDL 0.1 

BDL 5.9 
BDL 0.41 

BDL 0.81 

BOL 0.41 

9.2 P* 
5.1 B P 

4940 P 
28.2 P N * 

10.8 P 

2040 P * 

0.95 B P 
112 B P 
114 B P 

BDL 302 
BDL 255 

lifl/ko;;:; 
BOL 5 

BDL 5 
BOL 5 
BDL 5 

BDL 5 

BDL 10 

BDL 5 

BDL 5 

BDL 5 

BDL 5 

BDL 5 

BDL: 5 

BDL; . 6 : 

BDL 5 : 

BDL 10 

BDL 10 

8 B 
BOL 5 

BOL 5 

BDL 5 

BDL 5 

BDL 5 

BDL 5 

BDL 10 

BDL 5 

BDL 5 

25 B 

BDL 10 

BDL 5 

BDL 10 
BDL 10 

BDL 10 

BDL 5 
BDL 5 

Boring 
B 4 0 - 1 

S O I L 

m g / k g 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

01/22 /00 

• . . 8 

4.8 B F 

1.2 B P 

23.7 P 

8.5 P 
7 F 

40 

5.2 

1.2 

0.12 
15.4 P 

0.49 
1.2 B P 

0.49 

33.9 P 
86.8 P 

20800 P 

248 P 

41.8 P E 

21800 P 
7.5 B P 

2070 P 
1350 P 

962 B P 
367 

uigrtsg.-.:;•;:;•;:;:;:-

BOL 
BDL 

BOL 

BOL 
BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

B D L ; . 

B D L - ; 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

50 8 

54 

4 J 

6 J 

43 B 

14 

6 
6 

6 
6 

6 

12 

6 

6 

6 

6 

6 

6 

6 

6 

12 

12 

6 

6 

6 

12 
6 

6 

12 

6 

12 

12 

12 
6 

B40-2 

. .01/22/00 . 1 

SOIL; 
mgflcg 

BOL 

BOL 

BDL 

BDL 
BDL 

BDL 

BDL 

::::• 1 8 • ; ' • ' • 

4.6 
1.8 B F 

0.46 B P 
1.1 

16.7 P 

2.1 B P 
8.1 F 

0.11 

6.5 B P 
0.88 
0.88 

0.44 

11.7 P 
22.7 B P 

9530 P 

29 P 
32.4 PE 

20500 P 
1.1 B P 

604 B P 

623 B P 

329 

301 B P 

.ugflcg:;:/::::/ :-:;-::/:-:^'----*| 

BDL 

BDL 

BOL 
BOL 

BDL 
BDL 

BDL 

BDL 

BOL 

BOL 

BOL 

BDL . 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 
BDL 

BOL 

BOL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BOL 

6 
6 

6 
6 

6 

11 

6 

6 

6 

6 

6 

6 

6-; 

'." .' , 6 
11 
11 

31 B 

•6 

6 

6 
6 

6 

6 

11 

6 

6 

36 B 

11 

6 

11 

11 
11 

6 
6 
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COLUERVILLE SITE RI/FS:PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

/ : ,• LAB SAMPLE ID. " 
'DATE' 

.: .DEPTH-: 
"•. '••• •'"MATRIX • 

CMP C L COMPOUND UNITS 

UNrrs 
401 8 : Acenaphthene 

:402 B Acenaphthylene:: 

403 B Anthracene i 

405 B Benzb(a)anthracerM 

408 B ; Benzo(a)pyrene 
407 8 8enzo<b)nuoranthene 

408 8 Benzo(g,hJ)perylena: 

409 B Benzo(k}fluoranthene 

410; B bi8(2-ChloroethcMy)methane 

4 l i i : B ; bls(2-ChIoroothyl)ethef 

i 4 i 2 i i B : bi8(2-Chlorol8opropyl)ether 

413 :;:iB: bis{2-ElhyJhexyl)phthaIatei: 

4l is B Butyl ben^phtha l tUe 
416 , 8 2-Chlarionaphthalene i 

417 8 i4-Chlorophenyl phenyl ether 
418; ..B:'. Chrysene,.•.:.•••:;::;..;•:.••••• •-. 
419 B;:: OII>enzq(aLh)amhriacene i ; 

;420 B i 1,2-Olchlorobenzene : 

:421 B t ;3H} i ch lb ro l ^ iuene / ; i :> 

• ;4Sa::iB''•V.i^,4-Dlchlorpb«ihzen« : ;: i--: i^:; ' 

423 B is^^ ich lo robenz ld lne Z : / ; 

• 424 ::, B : Diethyl phthalate -::: ;-• • • 

425 / i B bimothyl phthalate 

42a B Dlnn-butyl phthalate ; : 
427 8 2,4-Dinitrotoluane 
428 8 2,6-Dinitrotoluene 

429 8 Di-n-octyt phthalate 

431 8 Rupranthone 
^ ia j . B ' ; Ruorene"--

433 B Hexachlorobenzene; 

434 8 Hexachlorobutadiene 

436 B Hexachlorocyclopantadiene 

438, 8 Hexachloroethane 

437:i::B-..:;.lndeno(1^*:«d)pyfene:.;/; :•:.;... 

••43r-.B:-" lsophoron«-./"- ;-- : : - : 

4 3 8 " ' B .••Naphthatenei--

440 B Nltrobeiizene ^ 

443 8 N-Nitn>eodiphenylamine(1) 

444 B Pheriartthrene 
446- 8 ' P y r w : / •;"••"""•:;••/. 
448 B ii2.4^Trlchlbrobenzehe 

.474- B ; Benzyl 'a lMhol ; . ! ' ' ' 

476 B 4-Chloroaniline i : 

478 B bibenzofuian : 

477: B 2-Methylnaphthatane 

478 B 2-Nitroaniline ; : ; 
479 B 3-NitroaniIine i 

480 B 4-NItroaniIihe i 
6 b i A 2-C»»larbphenol : ; 

602 A 2,4-bf5hlorophenol 

803 A 2.4-Oimethyiphenoi 

804 A 4,8-Dinitro-2-methylphenol 

805 A 2.4-Dinitrophenol :: 

808 A 2-Nitrophenat : 

Boring 39 
B39-5 

01/21/90 
• ; ; " l . 4 0 

SOIL': 
rhgflcg 
ugflcg 

BDL 

BDL 

BOL 

BOL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

38 
BDL 

BDL 
BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BOL 
BOL 

BOL 

BDL 
BDL 
BOL 

BDL 

BDL 
BDL 

BDL 

BOL/i;:-
BDL/ i .,.;•; 
B D L ' • 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 
BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 
BDL 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

J 
350 

350 
350 

350 
350 

350 

350 

350 

350 

690 

350 

350 
350 
350 

350 

350 
350 

350 

350 

350 

350 

350 

350; 
• "•- 350 - , 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 
350 

1700 

1700 

1700 

350 

350 

350 

1700 

1700 

350 

B30-6 

:01/21/90 

48- -

SbJL 
mg/kg 
ug/kg 
BDL 

BOL 

BOL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 
BDL 
BDL 
BOL 

BOL 
BOL 

BOL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 
BDL 
BDL 

BDL 

BOL 
BDL 

BOL 

BDL 
BDL 
BOL 

BDL 

BDL. 

BDL ; , 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 
340 

340 
340 

340 

340 
340 

340 

340 

340 

680 

340 

340 
340 
340 

340 

340 
340 

340 

340 

340 

340 

340 

340: 

340 

340i 

340 

340 

340 

340 

340 
340 

340 

340 

340 
340 

1600 

1600 

1600 

340 

340 

340 

1600 

1600 

340 

Boring 
B40-1 

01/22ffl0 

8 "'" 
SOIL 
ingflcg 

40 

ug/kg 1 
BOL 
BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

86 J 

BDL 

BDL 
BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 

BDL 
BDL 

BOL 
BDL 

BDL 
BDL 
BDL 

BDL 

BDL 

BDLv : 

B D L 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

410 

410 
410 

410 

410 
410 

410 

410 

410 

410 

410 

410 

410 
410 

410 
410 

410 
410 

410 

410 

820 
410 

410 
410 
410 
410 

410 

410 
410 

410 

410 

410 

410 

410; 

410-

410 

410 

410 

410 

410 
410 

410 

410 

410 

410 

410 
2000 

2000 

2000 

410 

410 

410 

2000 

2000 

410 

B40-2 

01/22/00 

18 

SOIL 
mg/kg 
ug/kg 1 
BOL 
BDL 

BOL 

BOL 
BOL 

BOL 

BOL 

BDL 

BOL 

BDL 

BDL 
68 

BDL 

BDL 
BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BOL 
BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL; 

BDL ;: . 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 
BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

370 
370 

370 

370 
370 

370 

370 

370 

370 

370 

370 

> 
370 
370 
370 

370 

370 

370 

370 

370 

370 

730 

370 

370 
370 
370 

370 

370 
370 

370 

370 

370 
370 

370 

370, 

370: 

370: 

370 

370 

370 

370 
370 

370 

370 

370 

370 

370 
1800 

1800 

1800 

370 

370 

370 

1800 

1800 

370 
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COLLIERVILLE SITE RI/FS:PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

immAm'''-iiAm:::ijB.tiii,iiip^ 
miiiiAm-..''AiiiAmmiiiiiDMBy 

y-::mo^pii^m: 
yAiAiirn'miiAAiiAiMA^j^ 
MpiibL;:cbMpbuND;;:;iiii:;i;uNî ^^^ 
;:;:;:;:::;:;::::::::;:;:::;:-:.::•::"•::::::::::::;::::::::::::::::::: ::;;•;-:/;:;:::;-UNrrs-/ 

;:6p7:;;:::;:A:;.:::4--Nitrophenol-:::;:;::-::::::::|;;|;:|^ 

^ (Bb i i iA i i - ^ -Ch lo ro - ^ ^ ^ -me thy i phc i n i ^ 

'̂ 609:: i: A ii'Pantachtbrbphenoi'::;;: 

::iMb:;iiA:;:; phend.:-.-:: :i-:.::- ::;:;:iii:;; 
:(itlii;/C:;i:^2i4.6TTWchlofqphw^ 

:6i!^:;::'A;''''2-MettTyiplwno|:;:;:;:;:|;; 

''oizmAi^riii^^ 
::e2S^;iiiiiiBnjiiB 
::e26;i:l:ii:ilii^rt||j(^ 
:̂>pi;::;ii* îi:Aj(jrirtii;iiii;i;i;:i 

•TO2';i::p:;:::;>jphi3BHc i;.; ;:iiii:ii;:: J?!-:-':' 
i*Mi|piii'Wta^HCi/:i:ii:ii 
;wii:'ip.:.i;<iaiT^^ 
;TOi5;:;:p:/;iieiUt;iW 
;̂7P7:;::;pii::4!4vbpf iiiii; 

::7wii;ipii;^4i|b^ 
::709ili;: iiMQodmy 
^miAiiAipitti^i 
':7it;i::p:;i:i'&<itoeuiiŝ ^ 
:;|i2';:iii:/i!y|k)»i^ 
:tl3::;i-i;ii;En<Jlowl(̂ ^ 
;*i4ii:P::i-iiidiin 
:Tie;:;:iii..H€ îiiiiaii<^ 
:;717;i:iii;iHi|ifai<|hlpr.«^^ 
;7is|:i»iii:rcBii'2«i::i;!;i:liiiii.:;;'i:;::::^ 
:-T^19:::;:..^;:;:::;:.reBi^2i»;:;:;.;::,. :,;;::-;:• .;:;•: 

'Tiao:::; p: : i : iPCB^i22i:::v.:;. • 

::7iM;i-:iPiiipB^ î î ::::;.-. i iiiiiiii:is:: 
i z i : :•: f̂ :;:;::::.PCB î iM;i:::M':i::^:-

•iiii::iA iipcB-iibbiiii;:; 
. Tai-iii-pi ;:'w:Bfeioia'iiiiii;:: • 

^ 7aB::i:"Fir:iip;p'-HUei^^ 

:7Wii:pi;i;Eii«(lriri;ke)^ei 

^iiiiAiWiiA^iii^^ 
- 7 W i ; P ; i : : ! S a n i r » e ^ ^ 

:ipbliic;'':Cyiink^ 
:ip47;; c •;:;pHii:i|;;i:;i;:. - ";i;;iiiî  
ibi6ici;il^iii»nt.iS^ 
: i082i : ; :c i : : - : : :4^: 'Mpi8hir(^|Ui id^( i^ 

Boring 39 
B39-5 

01/21/90 

40 

SOIL, " 
mg/kg 

ugflcg 

BDL 

BDL 

BDL 

BOL 
BOL 

BOL 

BDL 

BDL 

BDL 
BOL 

BOL 

BDL 

BDL 

BDL 
BDL 
BDL 

BDL 
BDL 

BDL 
BDL 

BDL 
BDL 

BDL 

BDL 

BOL 

BOL 

BOL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL, 

BDL;/"=i;- . 

BDL 
7.4 

94.4 

6 

1700 

350 
1700 

350 
350 

350 
350 

1700 

1700 

170 
84 
84 

84 

170 
84 

170 
84 

17 

84 

84 

0:53 

B39-6 

01/21/90 
48 

SOIL: 
mg/kg 

ugflcg 

BOL 
BOL 

BDL 

BDL 

BOL 
BOL 

BDL 

BDL 

BDL 

BOL 
BDL 

BDL 

BOL 

BOL 
BDL 
BDL 

BOL 

BDL 
BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 
BDL 

BDL 
BDL 

BDL 

BDL 
BDL 

BDL 
BDL 

BDL 

BDL 

BDL- ; 

BDL 
7.3 

05.8 

4 

1600 
340 

1600 

340 

340 
340 

340 

1600 

1600 

8.2 
8.2 

8.2 

8.2 

8.2 
16 
16 

16 
16 

8.2 

16 

16 

16 

8.2 

8.2 

82 
160, 

82 
82 

82 

160 

82 

160 

82 

16 

82 

82 

0.52, 

Boring 
B40-1 

01/22/90 

8 
S O I L / 
mgflcg 

40 

ugflcg 
BDL 
BDL 

BOL 

BOL 
BOL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 

BDL 
BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL, 

BDL-".;-.--•--

BDL 

6.2 
81.3 

19 

2000 
410 

2000 

410 
410 

410 
410 

2000 

2000 

9.9 
9.9 

9.9 

9.9 

9.9 
20 
20 

20 
20 

9.9 

20 

20 

20 

9.9 

9.9 

99 

200 

99 
99 

99 

200 

99 

200 

99 

20 

99 

99 

0.62 

B40-2 

01/22/90 

18 
SOIL , 
mgflcg. 

ugflcg 1 
BDL 
BDL 

BOL 

BDL 
BDL 
BDL 
BOL 

BDL 

BOL 
BOL 
BDL 

BDL 

BOL 
BOL 
BOL 

BOL 

BDL 
BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BOL 

BOL 
BDL 
BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BOL 

B D L . 

BDL'V-""-
BDL.;;- • 

6.5 

89.7 

10 

1800 
370 

1800 

370 
370 
370 
370 

1800 

1800 
8.9 
8.9 

•8.9 

8.9 
8.9 
18 

18 

18 

18 

8.9 

18 

18 

18 

8.9 

8.9 

89 

180 

89 
89 

89 

180 

89 

180 

89 

18 

89 

89,-' 

0:S6; 
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COLUERVILLE SITE RI/FS:PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

LABSAMPLEID 

' - . ; . 'DATE . 

...DEPTH 

• i : : - -MATRIX 
CMiP CL COMPOUNb : UNITS 
101 M /Vnb'mony 

102 M Arsenic 

103 M BerylUum 
104 M Cadmium 

105 M Chromium 

•108, M : Copper.."" " 

•107 ",M Laad. . ; . ' 
l b 8 - : " M ; M e r c u i y ; 

109 M Nickel : 

l i b M Selenium : ; : 
111 -M.:,Sf lver"^ 

"112. M ;. .Thallium.--

1,13.. :M:';:2!r»c':^'•-•••• i-'-i/.•::':•:;•;:-:--:.;.;:••:• . 

114 M Barium 

; i iS /M Iron 
116 M Manganese 

••l17';M";-yahadium..:. 

118 M : Aluminum / : I : ! 
.120"""M.'"C!«balt; 

121 ; M Magnesium 

129 M Calc i im 

130 .^•M-'"Rodiiim . -.:.:-'-:;-
131 • M i i Potassium •' 

"":.---UNITS 
203: y Benzene : 

206 V Bromoform 

206 y CartMn tetrachloride . 

207 V Chlorobenzene 
208 V Dibromochloromethane 

209 : y Chloroethane 
211 y Chlorofonn 

212 V Bromodichlorometliahe:/ 

214 y t . i -Dichforoethiane:: ; i 

216 y 1,2-Dlchloroethane 

218 V 1.1-Oichloroelhene ^ 

; 217 : y 1,2^3ichloropropano ; : :: i : 

218; y : ae:.r1.3rDichlbropiopona :i 

219'•. y "'• Ethylbenzene-',-;: •; 

220^-y:.,;Bromomethana: - : . i : ; : ; - | - : ^ : ' ^ 
221 y Chloromethane 

222 y : Methylene chlorida 

223 V i,1,?,2-Tetrachloroethane 

224 V Tetrachloroethene 
226 y Toluene 

227 ; y t ,1.f-Trt ihiorc»thane 

228 :: y t.1,2-Trichloroetlwne 

229 V Trichloroethene m 
231 V Vinylchkxtde " i ; 

260 y Tran»-1,3-Oichloropropene 

251 y Styrene 
2 5 2 ^ : Y . Acetone:: 

263':, y ' • 2-Butanone • - ; : ; • 

254 y C a r b o q disulfide 

256 y 2-Hexanone 

256 V 4-Methyl-2-pentanohe ^ 

267 y v i r i y l acetate 

288 y Xylaines (Total) 

299 V 1>Oichloroethene(T6tal) 

Boring 40 
B40-3 

01/22/90 . . . 

2 4 ; 
SOIL - . : : : - . 
mg/kg 

BOL 4.4 

0.91 B F W 

BOL 0.21 
BDL 1.1 

2.8 P 

2 B P 
3.6 F 

BDL 0.1 

BDL 6.1 

BDL 0.42 
BDL 0.84 

BOL 0.42 

9.9 P 

5.5 B P 

1030 P 

2.6 B P 

4.6 B P E 
2720 P 

BDL 0.63 

108 B P 
205 B P 

BDL 314 

BDL 265 

ugflcg;:;::::::;::::;:.:-::.:. :.::::;;::::::;::•-• 

B D L 5 

B D L 5 

B D L 5 

B O L 5 

BOL 5 

BOL 11 

B O L 5 

B D L 5 

B D L 5 

B D L 5 

B D L 5 

B D L > \ / " - . : '••"•'& 

B D L - / : , - . / • • • , / ; . • - ; 5 . 

B D L ^ ' ••'•••'•.••"••::--:; 5 

B D L 11 

B D L 11 

22 B 

B D L 5 

B O L 5 

S D L 5 

B D L 5 

B D L 5 

B D L 5 

B D L 11 

B D L 5 

B D L 5 

29 8 

BOL 11 

BDL 5 

BDL 11 

BDL 11 

BDL 11 

BDL 5 

BDL 5 

B40-4 • : ; • • . 

01/22/00 1 

SOIL 
mg/kg 

BOL 

BOL 

BDL 

BOL 

BDL 

BDL 

BDL 
BDL 

BDL 

32 •"" 

4.4 

1.2 B F 

0.25 B P 
1 

16.1 P 

0.83 
2.1 F 

0.1 
6 

0.43 

0.83 

0.43 

9.5 P 

7.8 B P 

7140 P 

29.8 P 

12.3 P E 
3140 P 

1 B P 

115 B P 

138 B P 

311 
289 B P 

l igfltg:::-;::-•:•::;;-•:-;:•:::::.::•::•: •::-:•! 

BOL 

BOL 

BDL 
BOL 
BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

B D L . 

BDL-

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BOL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

5 

5 

5 
5 
5 

11 
5 

5 

5 

5 

5 

' 5 . 

5: 

5-

11 
11 

23 B 

5 

5 

5 

5 

5 

5 

11 
5 

5 

33 8 
11 

5 

11 

11 
11 

5 

5 

B40-5 
• • : . - • 

- 01/22«0 

SOIL 
mgflcg 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

42 

4.3 

6 F S 
0.77 B P 

1 
10 P 

2.4 B P 

2.4 F 

0.1 
10.6 P 

0.41 

0.82 
0.41 

33.7 P 

6.2 B P 
27700 P 

BDL 

209 P 

15.7 P E 
2260 P 

8.5 B P 

159 B P 

111' B P 

307 

323 B P 

ugflcg::;:::::;:-.;.. 

BDL 

BOL 

BOL 
BOL 
BOL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL: 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 
BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

5 

5 

5 
5 
5 

10 

5 

5 

5 

5 

5 

5 

5-' 

5 

10 

10 

22 B 

5 

5 

5 

5 

5 

5 

10 

5 
5 

26 B 
10 

5 

10 

10 

10 

5 

5 

B40-6 

01/22/90 
- 48 

SOIL 
mg/kg 

BDL 

BOL 
0.26 

BOL 

18.8 

2.5 

14.6 

BOL 

17.3 

BDL 
BOL 

BDL 

48.1 

121 
45000 

510 

27 

6130 
6.4 

592 
555 

BDL 

847 

5.2 

0.73 

B P 
1.2 

P 

B P 
F 

0.12 

P 
0.49 
0.99 

0.49 

P 
P 
P 

P 
P E 
P 

B P 

B P 
B P 

368 

B P 

ugflcg:;-::.:::::::/^::;::::;:.:.:-::;::;:;:.;-:-:! 

BOL 
BOL 

BDL 
BOL 
BOL -

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

B D L .: 

BDL 

BDL 

BDL 

26 

BDL 

BDL 

2 
BDL 

4 

13000 

BDL 

BDL 
BOL 

19 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

6 

770 

770 

770 
770 
770 

1500 

770 

770 

770 

770 

770 

770 

770 

770 

1500 
1500 

B 

770 

770 

J 
770 

J 

0 
1500 

770 

770 

B 
1500 

770 

1500 

1500 

1500 

770 

J 
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COLLIERVILLE SITE RI/FS:PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

LABSAMPLEID 

-•••DATE • 

VDEPTH 

MATRIX 

CMP: CL COMPOUND : UNITS 

UNrrs 
401 B Acenaphthene , 

402 8 Acenaphthylerie 

403 8 : Anthracene 

406 B Ben2D(a)anthracene : 

408 8 8enzb(a)pyrene , 

407 8 : Benzo(b)fluoranttiane 

408 8 Benzo(g,h J)perylerie;: 

4 0 8 : 8 BenfEo(k}fluoranthene 

410 B ; ; bi8(2-Cbioroeth<»cy)methane 

411 B bia(2-ChloroettiyQether 

412 8 : bis(2-Chtorol8oprbpyl)ether 

413 B blii^EthylhexyQphttialate 

: 414 8 ;4-Bfiomophenyi phisnyliettier 

4ii5 8 Butyl benzyl phthalate 

416 8 :2-Chlorc)naphthalane 

417 B 4-Chlorophenyl phenyl ettier 

418 B Chrysene 

419 8 ; / Dlbenzo(a,h)anttiracene 

4 » ; 8 1,2-bichlorobenzene 

421 / ; B i;»-Olcbloroben2ene 

;422 B : t,4-Dichlorcibehzene:;: 

4 2 3 | B 3>-HJIch|oroben2idIne; 

424 : 8 ; t)iethyl phthalate:/ I ; 

425 B i i Dimettiylphthalate ; : 

428 8 D l - n - b u t y l p h t h a l a t e : ; 

427 8 2,4-Dlniirotofuene 

428 B 2,6-Dinitrotoluene 

429 B Di-n-octyl phttialate 

431 B Ruoranthene : 

432 8 • Ruorene 

433 8 Hexachlorotienzene / : 

434 Bi ; HexachlorxAutadiene 

4i35 8 Hexachlorocyclopeiitadiene 

438 8 Hexachforoettwna : :; 

4 3 7 : B ; indeno(1JI.3-cd)pyrene::i 

•439'--B^"'' .Naphthatene":,-: ' m A y A f ' : : . . . 

,44b..:....B,: •: .Nitrobenzene •:;:•'• 

442 i a NiNitroeo^dl-n-propyiamihe 

443 B N-Nitrosodipheny<amine(i) 

444 8 Phenanttwene 

•445; ,8 'Pyrene -

448 B l i4 -Tr ich loroben7ene 

474 B Benzyl a l c o h o j ; ! ; , ; 

476 B 4-ChlorpaniIine: : 

476 8 Dibenzpfijran : 

477 B 2-Methylnaphlhalene 

478 B 2-Nitroaniline i : 

479 B 3-Nltroaniline 

480 8 4-Nitroaniline 

601 A 2-Chlorophenai 

802 A : 2.4^3j:hloro|ihenbi :::: i 1 

803 A 2,4-Oimethylphenol 

8 0 4 / A ;4,8-Olnitn>-2-fnett)ylphetibl 

805 A 2.4-Dinitrophenot . 

808 A 2-Nitrophenol : : : 

Boring 40 
B40-3 

01/22/90 

•24- . 

SOIL 

mg/kg 

ugflcg ~1 
BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BOL 

BDL 

BOL 

BDL 

250 , 

BOL 

BOL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 
B D L : . ; - . : • / : • 

BOL;: : ; . , : . ;^ ; • 

BDL--^'-^ •''• 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL-

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

1 

350 

350 

350 

350 

350 

350 

350 

350 

350 

690 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350., 

350: 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

1700 

1700 

1700 

350 

350 

350 

1700 

1700 

350 

B40-4 

01/22/90 

.: 32 
SOIL .. 

mg/kg. 

ugflcg- • 1 

BDL 

BDL 

BOL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BOL 

54 

BDL 

BOL 

BOL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BOL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

B O L / : -: 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

J 
350 

350 

350 

350 

350 

350 

350 

350 

350 

710 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350; 

,V-,----350-

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

1700 

1700 

1700 

350 

350 

350 

1700 

1700 

350 

B40-5 

01/22«0 

42 

SOIL 

mgflcg 

ugflcg 1 

BDL 

BOL 

BOL 

BDL 

BDL 

BOL 

BOL 

BOL 

BOL 

BDL 

BDL 

63 J 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL : 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

690 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340: 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

1700 

1700 

1700 

340 

340 

340 

1700 

1700 

340 

B40-6 

01/22«0 

48 

SOIL 

mgflcg 

ugflcg 1 

BOL 

BOL 

BOL 

BDL 

BOL 

BDL 

BDL 

BOL 

BOL 

BDL 

BOL 

290 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL : 

BDL; . 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

J 

410 

410 

410 

410 

410 

410 

410 

410 

410 

820 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

410 

2000 

2000 

2000 

410 

410 

410 

2000 

2000 

410 
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COLUERVILLE SITE RI/FS:PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

LABSAMPLEID 

••-.DATE -
::DEPTH 

i - 'MATRIX 
CMP CL COMPOUND : uNrrs 

U N r r s ; 

607 A 4-Nitrophenol 
608 A 4-Chloro-3Hmettiytpheno( 

60S AL Pentachlorophenoi ; ; 

610 .A- Phenol ' : -•• :- ; . 
611 A 2,4,6-Trichlorophenoi : : | 

620 A 2r4«ethylphenoi / ; 

622 A 4-Mettiylphenot: : i 

625 A Benzoicacid 
626 A 2,4>itr ichloropherioi : 

701 P A ld r in : 
702 P Alpi ia-BHC; ; 
703 P Beta-BHC 

704 P Gamma-BHC (Undane) 

705 P Delta-BHC 

.707 -P 4,4*-0OT . 

708 P 4,4M)DE 

709 P 4,4'-DDD 

.710 ,p'--,Oield»1il- i . 
711 ••? Eridoeulfaril: .-/::•::•;••:-.:-.-:;.:...:.-: 

; n 2 , . P '.Endosulfan 11 i ^ m ' m 
7 i s ; P EnckMwIfah sulfate^ : 

-714'^P^ 'BuJr in, / : : . : . . ; - i : 

T ie- : P- - Heptachlor :'-';/.-; 
717 p ; Heptachlor epcncide : 

718 P PCB-1242 
719 P PCB-1254 

720 P PCB-1221 
721 P PCB-1232 

722 P PCB-1248 
723 P PCB-1260 

724 P PCB-1016 i 

725 P Toxaphene 

726 P pj) ' -Mett»bxyehlor;Hi 

739 P Endrin ketone 

747 P ; Alpha ci)l(>rdana 

748, P : Ciamma chidrdaiie: ; 

l o o t ' C Cyanide:•;:;:; - i •;;-:i::,/i:-

1047 C pH 

1080 C Percent Solids 

1082 C % Moisture, Undecahted 

Boring 40 
B40-3 

:- 01/22/90 
24 

SOIL 
mgflcg 

ugflcg 

BDL 

BDL 

BDL 

BDL 
BOL 

BOL 

BDL 

BOL 
BDL 

BDL 

BOL 
BDL 

BOL 
BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BOL 

BOL 
BOL 

BOL 

BDL 

BDL 

BDL 
BDL 

BOL 

BOL 

BOL 

BOL 

BDL 

BDL 

BDL; i 
BDI: ; : 

7.1 

95 

5 

1700 
350 

1700 

350 

350 
350 

350 

1700 

1700 

170 
84 

84 
84 

170 
84 

170 

84 

17 
84 

84 

o:53 

B40-4 
01/22/90 

. 32, 

SOILi 
mg/kg 

ugflcg 
BOL 

BDL 

BDL 

BDL 

BDL 
BOL 

BOL 

BOL 

BOL 
BDL 

BOL 
BDL 

BOL 
BDL 

BDL 

BDL 

BOL 
BDL 

BOL 

BOL 

BOL 
BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BOL 
BOL 

BDL 

BOL 

BDL 

BDL 

BDL. . 

BDL </ 
B O L : - V . - / : 

7.1 

93.1 

7 

1700 

350 

1700 

350 

350 
350 

350 

1700 
1700 

8.6 

8.6 

8.6 

8.6 
8.6 

17 

17 

17 

17 

8.6 

17 

17 
17 

8.6 

8.6 
86 

170 
86 

86 

86 

170 

86 

170 

86 

17 

-.,,-86, 

86; 

0:54;. 

B40-5 
01/22/90 

42 

SOIL 
mg/kg 

ugflcg 

BOL 

BOL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BOL 

BOL 

BOL 
BOL 

BOL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BOL 
BOL 

BDL 
BDL 

BDL 
BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

B D L V 

BDL/: 

7.5 

96.2 
4 

1700 

340 

1700 

340 

340 
340 

340 

1700 

1700 

8.3 
8.3 

8.3 

8.3 

8.3 
17 

17 

17 
17 

8.3 

17 
17 

17 

8.3 
8.3 
83 

170 

83 

83 

83 
170 

83 

170 

83 

17 

83 

83: 

o:52 

B 4 0 ^ 

01/22«0 

48 
SOIL 
mgflcg 
ugflcg 1 

BOL 

BOL 

BDL 

BOL 

BOL 
BOL 

BOL 

BOL 

BOL 
BOL 

BDL 
BDL 

BOL 
BOL 

BOL 

BOL 
BDL 

BDL 

BDL 

BOL 

BDL 
BDL 

BDL 
BDL 
BOL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL . 

BOL'.;-;-.,-..,:, 

BDL'' . 

6.9 

80.9 

19 

2000 

410 

2000 

410 

410 
410 

410 

2000 
2000 

0.9 
9.9 
9.9 

9.9 
9.9 

20 

20 

20 

20 
9.9 

20 

20 
20 

9.9 

9.9 
99 

200 
99 

99 

99 

200 

99 

200 

99 

20 

.. 99 
' 99C 

0i62'. 
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COLLIERVILLE SITE RI/FS:PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

LABSAMPLEID 

DATE 
DEPTH 

M A T R I X : .•• 

CMP CL COMPOUND U N I T S 

101 M Antimony 

102 M Arsenic 

tots M Beryllium 

104 M Cadmiiim 

106 M Chromium 

108 : M Copper 

107 M Lead 

108 M : Mercury 

109• M ; NJckel-.. 

110::-M:^:-Seieh}um^ „ 
t i r . M • SNer •-' ' 
i l 2 :VMi ;Tha l l i um ' 

113 -M.-:2tnc; 

• i i 4 : M ; •Barium 
115 ;M^'^lron. ''.:.•'• 
118 M Manganese 

117"M;'^-Vanadium. 
i l i a ; i« Muiliinurn 
• t20,^;:: M:' • Cobalit-:.-..' .:-;'|:: • 
.121' iyi :-M«gneJum-;•••'-' 

129 M Calcium : 

130 M Sodium 
I S I M Pbtaralurn 

:-:-UNITS 

203 y Benzene 
20S; V :8r<xnofbrm 
206 V Cartion tetrachloride 

207 V Chlorobenzene i 

208 V Dibromochloromethane 
209 V Chlorbettiane 

211 V Chiornfnrm 
212 y BromodichlorcMnethane : 

214 y 1,1-Dichloroettwne 

216 y : l i -Dich lbrbet t iane : 
2 i e : ; V t. l-Dichiorbett iefw / / 
•217/-'y:;- •:1>Olchloipi>rof«ne;i i'i :,::-••: 

2liS i v ; a»-1>-Dichlon)propene:: , 

219 V ; Bhylbenzene i 

220 y Bromomethane 

221 y Chioromettiane 

222 y Methylene chloride : : ; ; : : 

223 y t,1,2>Tetrachtor6ethaiMi; 

224 y TetrachioroettMne 

225 ; V -'Tbiuone:-: • 
227 V i ; i . i rTr iehloroett ianb / 

228 V t . l i -^ t r ichlofbet t iane / 

229 V Trlchloroettiene 

231 y vyinyl chloride 

250 y Trana-1,3-Dichloropropene 

251 y Styrene 

252 V : Acetone 

253 y : Sirflutanone 

254 y t iar tx ipd isu lMe 

256 y 2-Hexanone 

268 V 4-Mettiyl-2-pentanone 

257 y Vinyl acetate 

288 y Xylenee (Total) 

290 y l>-(}lchloroettiene(Total) 

Trip Blank 

LAB PURE 

01/22/90 
0 

WATER : 
ugflcg 

tiQimyymmmi\ 
BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BOL 

BOL 

BDL 

BDL 
BDL 
•BDL'i,;;r.-,;-, 

S O U : , y.•'"•:-' 

BDL 

BOL 

BOL 
2 J 

BDL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

BDL 

BDL 

BDL 

5 

5 

5 

5 

5 
10 

5 

5 

5 

5 
5 

5 : 

• 5.-

5 

10 

10 

5 

5 

5 
5 

5 
6 

10 

5 

5 

10 

10 

5 

10 
10 

10 

5 

5 

Rinsate Samples 
011700HS 

01/18/00 

0 
WATER 
ugflcg .. 

BOL 21 

BDL 3 
1.8 B P 

BDL 5 
BDL 5 

BDL 4 
2.3 B F 

BDL 0.2 

BDL 29 

BDL 2 
BDL 4 

BDL 2 
4.6 B P 

5.1 B P 
12.9 B P 

BDL 1 

2.7 B P 

BDL 16 
5.8 B P 

59 B P 

92.5 B P 

BDL 1490 
BDL 1260 
ugflcg-;::::-:.;:-:• 

BDL 5 

BDL 5 

BDL 5 

BOL 5 

BDL 5 
BDL 10 
BOL 5 

BOL 5 

BDL 5 

BOL 5 

BDL 5 

BDLv . 5 

BDL.-;. 5 

BDL ' 5 

BDL 10 

BDL 10 

BDL 5 

BDL 5 

BDL 5 

BDL 5 

BOL 5 

BOL 5 

BOL 5 

BDL 10 

BDL 5 

BDL 5 

BDL 10 

BDL 10 

BDL 5 
BDL 10 

BDL 10 

BDL 10 

BDL 5 

BDL 5 

012290RS 

01/21/90 

0 

WATER 
ugflcg: 

BDL 
BDL 

BDL 

BOL 
BOL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 
BDL 

6.1 

3.3 

161 
1.2 

4.3 

BDL 
BDL 

194 

BDL 

BDL 
2030 

21 

3 

1 

5 
5 
4 

2 

0.2 

29 

2 
4 

2 

B P 

B P 
P* 

B P 

B P 

16 
3 

B P 

17 

1490 
B P 

Vi jAg ; : : ; : : : : ; : ; ::;•.:: •;.::::•:: .:^| 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL.. 

BDL 

BDL 

BDL 

BDL 
2 

BDL 

BDL 

BOL 
BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

5 

5 

5 

5 

5 
10 

5 

5 

5 

5 
5 

5 

5 

5 

10 

10 

B J 

5 

5 

5 
5 

5 

5 

10 

5 

5 

10 

10 

5 
10 

10 

10 

5 

5 
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COLUERVILLE SITE RI/FS:PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

LABSAMPLEID 

•'•-.;••DATE -
:: DEPTH 
MATRIX 

CMP CL COMPOUND i ^ UNITS 

UNITS 

401 B Aconaphttiene • 

402: B Acenaphttiylene 

403 8 Anttiracene 

405: B Benzo(a)anttiracene 

406 8 : Benzo(a)pyrono; / : 
407 8 Benzo(b)nuoraiitiiena 
408 B Benz)o(g,hJ)peryiene / : 

409 : 8 8enzo(k)fluoranttiene 

410 8 bls(2-Chtoroettiiu(^mdttiane 

411 B bi8(2-Chloroetfiyl)eiher 
412 B bls(2-Chloroisopropyl)ether 

413 8 bis(ZTEttiylhexyl)phttialate 

414 8 4-6romophenyl phenyl :ether 

415 B Butyl benzyl phttialate 

418 B 2-Chloronaphthaleiiis| 1 

417 B : 4-Chlorophenyi phenyl ettier 

4 1 8 / 8 Chrysene 
419 8 : Dibenzo(a.h)antt)racene 

420 B 1 ,i2-Olchlorobenzsne i 

4i2i B i ,S-Oiciilorobenzene 
4 2 2 ; 8 1,4-Oichi6robenzeni» : 
423 B 3,3'-'-Dichlor(]beiuidIne 

424 : B : Diethyl phttialate ;: 
425 8 :Dimettiyt phttialate 

426 8 Di-D-butyl phttialate 
427 8 2.4-Dlnitrotoluene 

428 8 2,6-Dinitrotoluene 

429 8 Di-n^KKtyi phttialate: 

431 8 Ruoranttiene 
432 B Ruorene 

433 B Hexachlorotienzene 

434 8 HexachlorobuUdiene: 

436 B Hexachlorocycloperitecliehe 

436 8 Hexachkmettiane 
4S7 ,8 • i i ideno(1^.»-cd)pyrene : / / 

438': :<:B .- ̂ Isopliorone- _;:•-•. 

439 . 8 - : Naphttiatene-'•-::;: i '" i ' : ;:/;- i-. 
440 ; 8 Nitrobenzene; 1 :, : 

442 8 N-Nitroso-dt-n-propyiamine 

443 8 N-NitrosodiphMiy<amine(1) 

444 8 Phenanttirene 

446 8 Pyrene 
448 8 : 1,2.4-Trich|orobe|nzene: 

474 8 Benzyl alcohol - ^ ^ 

i«75 8 :4-Chlaroaniline : ; 
476 8 :.bit>enzo(uran. 

477 B 2-Mettiylnaphttialerie: 

478 B 2-Nitroaniline 

479 8 : 3-Nilroaniline 

480 Bf 4-NltroaniIine 

601 A 2-Ghlbrophenoi 

602 A ; 2.4-tKshtorophenol 

603 A 2.4-Dimettiylpheinol 

804 A 4,8-Oinitro-2-mettiy1phenol 

606 A 2.4-Dinitrophenol 

608 A 2-Nitrophenol 

Trip Blank 

LAB PURE 
01/22/00 

• 0 ; • . - ; 

WATER 

U0/l<9 
ugflcg 

, - - - . - - ' ' - - - • • . 

• - : - • - ; • , - . • -••• 

: • • ; • • - , , - -

Rinsate Samples 
011790RS 

01/16/90 

0 
WATER 
ugflcg 

ugflcg i 

BOL 

BDL 

BDL 

BOL 

BOL 

BDL 
BDL 

BOL 

BOL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 
BOL 

BOL 

BOL 

BDL 
BDL 
BDL 

BDL 

BOL 

BOL 

BDL 

BDL 
BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL. 

B D L .-.•..• 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 
BDL 

BDL 

BDL 

10 

10 

10 
10 

10 
10 

10 

10 

10 

10 
10 

10 

10 

10 

10 

10 
10 

10 

10 
10 
10 

20 

10 
10 

10 

10 

10 
10 

10 

10 

10 

10 
10 

10 

10 

10. 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 
10 

50 

50 

50 

10 

10 

10 

50 

50 

10 

012290RS 
01/21/90 

0 
WATER 
ugflcg 

ugflcg 1 

BOL 

BDL 

BDL 

BOL 

BOL 
BDL 
BOL 

BOL 

BOL 
BOL 

BOL 

BDL 

BDL 

BDL 

BOL 

BDL 
BDL 
BDL 

BDL 
BOL 
BOL 
BOL 

BDL 

BOL 

BDL 

BDL 

BDL 
BDL 

BDL 
BDL 

BDL 

BDL 

BOL 

BDL 
B D L ; 

BDL 

BDL ' 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 

BDL 

BOL 

BDL 

10 

10 

10 

10 

10 
10 
10 

10 
10 

10 
10 

10 

10 

10 

10 

10 
10 

10 

10 

10 
10 
20 

10 

10 

10 

10 

10 
10 

10 

10 

10 

10 

10 

10 
10 

10-, 

10 

10 

10 

10 

10 
10 

10 

10 

10 

10 

10 

50 

50 

50 

10 

10 

10 
SO 

50 

10 
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COLLIERVILLE SITE RI/FS:PHASE 1 SOIL BORINGS ANALYTICAL SUMMARY 

LABSAMPLEID 

DATE 
DtPTH 

MATRIX 
CMP CL COMPOUND UNITS i 

UNrrs 
607: A 4-Nitrophenol 
608 A : 4-Chloro-3-mettiylphenol 

609 A Pentachlorophenol 

610 A Phenol 

611 A 2.4.6-TrichiorDphenoi 
620 A 2-Mettiylphenot 

622 A ;4-Mettiylphenoi 

625 A Benzoicacid 
626 A 2,4>-Trichlorophenoi 

701 P Aldrin 
702 p ; Alpha-BHC 

703 P Beta-BHC 
704 P Gahihia-BHC (Undane) 

705 P Deita-BHC 
707 P 4.4'-ODT 

708 P 4.4 ' -0DE 

709 P 4,4';^JDD 
710 P Dieldrin 
711 P Endosulfan! 

712/ : P ; Endosulfan II 

7 1 3 : P : Endosuifan sulfate 
714 P Enclrin 

718 P Heptachlor 

717 P Heptachlor epoxide 

718 P PC8-1242 
719 P PCB-1254 

720 P PC8-1221 

721 P PC&-i232 
722 P PCB-1248 

723 P PCB-12eO 
,724 P PCB-1016 

725 P Toxaphene 
726 P p.p'4ilettioxychfor 

739 P Endrin ketone 
747:,;P; Alpha chlordane 

748 / P ' - ; Gamnia chlordane 

10O1 C Cyanide 

1047 C ; p H 

1080 C Percent Solids 

1082 C ^ Moishjre, Undecanted 

Trip Blank 

LAB PURE ; : ; : : : : : . 
.. 01/22/90 :"|;::;: 

0 : i:iii::: 
WATER 
ugflcg 

iigflcg 

Rinsate Samples 
Q11790RS 

01/16«0 

0 
WATER: 
ugflcg 

ug/kg ; : . . . 

BOL SO 

BOL 10 
BOL SO 

BDL 10 
BOL 10 

BOL 10 

BDL 10 

BDL SO 

BDL 50 

BOL 0.05 

BOL 0.05 

BOL 0.05 

BOL 0.05 

BOL 0.05 

BOL 0.1 
BOL 0.1 
BDL 0.1 
BDL 0.1 

BDL 0.05 

BDL 0.1 
BDL 0.1 

BOL 0.1 

BDL 0.05 
BDL 0.05 

BDL 0.5 

BDL 1 

BDL O.S 
BOL 0.5 

BOL . O.S 

BOL 1 
BOL O.S 

BOL 1 

BOL 0.5 

BOL 0.1 

BDL, 0.5 

B D L \ 0.5, 

BOL 10 

012290RS 
01/21/90 

0 

WATER 
ug/kg 

ugflcg j 
BOL 

BDL 

BOL 

BOL 

BOL 
BOL 

BDL 

BDL 

BDL 

BOL 

BOL 

BDL 

BDL 

BDL 
BDL 

BDL 

BDL 
BDL 

BDL 

BDL 
BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BOL 
BOL 

BOL 

BOL 
BOL 

BDL 

BDL 

BOL 

B D L , 

BDL..:: ; • 

BDL 

50 

10 

SO 

10 
10 
10 

10 

SO 

SO 

O.OS 

0.05 

0.05 

0.05 

0.05 
0.1 

0.1 

0.1 
0.1 

0.05 

0.1 

0.1 
0.1 

0.05 

0.05 

O.S 
1 

0.5 
0.5 

0.5 
1 

0.5 

1 
0.5 

0.1 

0.5 

0.5; 

10 
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APPENDIX C 

COLLIERVILLE SITE REMEDIAL INVESTIGATION 

PHASE 1 SAMPLING ANALYTICAL RESULTS SUMMARY 

GROUND WATER DATA 

QUAUTY ASSURANCE FLAG LEGEND 

B - ANALYTE FOUND IN BLANK 
BDL = ANALYZED FOR BUT NOT FOUND AT DETECTION UMIT (SEE ALSO U) 

CV AA (COLD VAPOR) METHOD OF ANALYSIS FOR METALS 
D - COMPOUND ANALYZED FROM A DILUTED SAMPLE 
E - ORGANIC COMPOUNDS: CONCENTRATION EXCEEDS CAUBRATION RANGE 

METALS: VALUE ESTIMATED DUE TO INTERFERENCES 
F - AA (FURNACE) METHOD OF ANALYSIS FOR METALS 
J - VALUE ESTIMATED 
N » SPIKE SAMPLE RECOVERY OUTSIDE OF CONTROL UMITS 
P - ICAP METHOD OF ANALYSIS FOR METALS 
S » VALUE DETERMINED BY METHOD OF STANDARD ADDITIONS 
U - ANALYZED FOR BUT NOT DETECTED 
W « POST DIGESTION AA SPIKE OUTSIDE OF CONTROL UMITS. AND SAMPLE 

ABSORBANCELESS.THANSOWOFSPIKE ABSORBANCE 
- DEVIATION BETWEEN DUPUCATE INORGANIC ANALYSES GREATER THAN 

CLP SOW GUIDEUNES 
- STANDARD ADDITIONS CORRELATION COEFFICIENT LESS THAN 0.995 



COLUERVILLE SITE REMEDIAL INVESTIGATION: PHASE 1 GROUND WATER ANALYSIS SUMMARY 

POINT 

SAMPLE 
CMP CL , CMPO-OESC 

101 M Antimony 

102 M Arsenic : 1 
103 M Beryllium 

104 M Cadmium ; : 

105 M Chromium: 

108 M Copper 

107 M Lead : : 

108 M: Mercury: 

109 M Nickel ; 

110 M Seieniutf i i 

111 M Silver 
112 M Thallium 

113 M Zno 

114 M Barium 

115 M Iron 
116; Mi Manganese ; : ; 
117 M Vanadium ; 

•:i18 - M •'.' Aluminum 1 i : :̂ -̂ '̂ "" 
120 M Cobalt: :.. -• 
121 M Magnesium 

129 M Calcium 
130 M Sodium i 

131 M Potassium / , 
201 y Acibiein 

202-^ y^;Acrylonitr i le-: :;'::•: 

203 •"- y- -, Benzerie ;:...: 

,206, . y -,Brompliprro-/.-•:; 
'2be;^ y...:Carbbhtetrachloride:-;•-:-;:-:-:-;' 

207.,.,.,V --Chloirobenzene :•;:;-:::::::̂ • -
208 y Dibroiiiochipiroriwthane : 

209 y Chloroethane: : 
210: V 2-Chloroettiyl:Vinyl other 

211 y Chloroform 
212 y Bromodichloromethane 
214 V 1,1-DichloroeUiane 

215 V 1.2-olchIoroethana 

216 V 1.1-Diehloroettiene 

217 V 1,2-pichloroprbpane 

218 V : a»-1,3-bichlofopropene; : 

218 ,V ;Etfiylbenzeiie: 

• 220:;V;Y::;- Branrametharie,';;, 

'•221-i: V--- di ioromethaj iei .- " i i ; i i i i i . : i : : i l 
222 y Methylehe chloride 
223 y 1,1.2,2-TelrachIoi'oethane 

224 V Tettachloroettiene:: : 

226 y T o i u W , - . •;•';:-• 
227 y 1,1,VTrichlorc»ttiane 

228 V 1,1,2-TrichIoroettiane; 

229 V Trichlofoettiene ; : :; 

231 .-V^ -VinylchlorWe•:-;:-::..;•-...• 
i i p y Trahs-i^^hloroprbpene : 
26T • V---Styrene.^i-:^ • • : : ^ . i - - : - ; : : ^ - ; , : • 
- 2 M - V •'Acetone •"-. 
253 V ; 2-Butanone ; 
254 V Cartjon disulfide 
256 y 2-Hexanone;: 
256 y 4-Mettiyt-2-pentanone ; 
257 V Vinyl acetitw: 
280 y >yene» (Total) 
288 y l,2-DlchIoroethene(Toital)-
401: 8 Acenaphttiene 
402 B Acenaphttiylene 
403 B Anthracene :: 

MW01 
12218901 

ug/L 

21 U 
3 UW 

1 U 
5 U 

5 U 

4 U 
2 U 

0.2 U 

29 U 

10 UN 
4 U 

2 U 

2.2 B 

26.3 B 

20.1 B 

7.7 8 
3.9 8 

22.3 B 
3 U 

2040 BE 

4990 B 

19300 

3040 B 
10 U 

10 U 

25 U 

25 U 

25 U 

25 U 
25 U 
50 U 

25 U 

25 U 

25 U 

25 U 
25 U 

25 U 

25 U 

25 U . 

.,,.;.• 50-. U ; . - : i - ; 
i i -^- 60v,,U;---;•:•';; 

25' U 
25 U 

25 U 

25 U 

25 U 

25 U 
680 

60 U 

25 U 

25 U 

SO U 

60 U 

25 U 

50 U 

60 U 

SO U 

25 U 

82 

10 u 

10 u 
10 u 

1221891 BM 
ug/L 

21 U 
3 UW 

1 U 

5 U 

5 U 

4 U 
2 BW 

0.2 U 

29 U 

10 UN 
6.3 U 

2 U 
5410 

131 B 

1220 

302 
4.8 B 

494 
3.5 B 

2090 BE 
8110 

21000 

2660 8 

31 U 

31 U 

31 U 

31 U 

31 U 

63 U 

31 U 

31 U 

31 U 
31 U 

31 U 

31 U 

31 U 

31 U 

83 U _ 

-..83-,:-U-:--;--; 

31 U 

31 U 

31 U 
31 U 

31 U 

31 U 

860 

63 U 

31 U 

31 U 

63 U 

63 U 

31 U 

63 U 

63 U 

63 U 

31 U 

190 

10 U 

10 U 

10 U 

MWIB 
1221891B0 
ug/L 

21 U 
3 U 

1.1 B 

5 U 

5 U 
18.2 B 

2 UW 

0.2 U 

29 U 
10 UWN 

4 U 

2 U 
4890 

147 B 

1090 

349 

2 U 
84.6 B 

9.5 B 
2320 BE 

8270 

23900 
4750 8 

28 U 

28 U 

28 U 

28 U 
28 U 
56 U 

28 U 
28 U 

28 U 

28 U 

28 U 

28 U 

28 U 

28 U 
. :58..:-a-. -

• - 6a;VU-;;, :•"•,• 

28 U 

28 U 

28 U 

8 J 

22 J 

28 U 
880 

56 U 

28 U 

28 U 

66 U 
68 U 

28 U 

56 U 

56 U 

56 U 

28 U 

250 
10 U 

10 U 

10 U 

12218918 
ug/L 

21 U 

3 U 
1 U 

5 U 

5 U 
8.2 B 

2 UW 

0.2 U 

29 U 

10 UN 

4 U 

2 U 

5020 

154 B 

1030 

372 
7.3 B 

200 B 
7.5 B 

2290 BE 

8280 

23000 
3110 8 

28 U 

28 U 

28 U 

28 U 
28 U 

56 U 

28 U 

28 U 

28 U 
28 U 

28 U 

28 U 

28 U 

28 U 

-...,-5e...u,: -: 
-•-•••5e,-u;;-

28 U 

28 U 
28 U 

28 U 

28 U 

28 U 
1100 

56 U 

28 U 

28 U 

56 U 
56 U 

28 U 

56 U 

56 U 

56 U 

28 U 

250 

10 U 

10 U 

10 U 

MVy03 
12198003 
ug/L-:;::;;-••:-/;. 

21 U 
3 U 

1 U 

5 U 

5 U 
27 

106 

0.2 U 

20 U 

10 UWN 
4 U 

2 UW 

21900 

86.7 B 

8290 
667 

6.6 B 

1220 
13 B 

6440 E 
48900 

22400 
4170 B 

100 U 

100 U 

140 U 

140 U 

140 U 

140 U 

140 U 

280 U 

.. 
140 U 

140 U 

140 U 
140 U 

140 U 

140 U 

140 U 

140 U 

; 28o;vu : ; : ; ; 

280; u , : : ; 

140 U 

140 U 

140 U 
140 U 

140 U 

140 U 
4400 

280 U 

140 U 

140 U 

2800 
280 U 

140 U 

280 U 

280 U 

280 U 

140 U 

5300 

MW04 
12218904 

ug/L 

21 U 
3 UW 

1 U 

S U 

5 U 
29.3 
11.9 W 

0.2 U 

29 U 

10 UWN 

4 U 
• 2 UW 

S540 

52.6 B 

1540 
48.5 

8.5 B 

845 
4.5 B 

4640 BE 

40000 

31100 
4610 B 

5 U 

5 U 

5 U 

5 U 

5 U 
10 U 

5 U 

5 U 

S U 
5 U 

5 U 

5 U 

5 U 

5 U 

10, U ; 

: ;.io-,;-,.u::-v:-...-• 

5 U-

5 U 

5 U 
2 J 

5 U 

5 U 
85 

10 U 

5 U 

5 U 
10 U 

10 U 

5 U 
10 U 

10 U 

10 U 

5 U 

9 

10 U 

10 u 

10 u 

C - l 



COLUERVILLE SITE REMEDIAL INVESTIGATION: PHASE 1 GROUND WATER ANALYSIS SUMMARY 

POINT 
SAMPLE 

CMP CL CMPO-DESC 

405 8 Benzo(a)anthracene 
406 B Benzo(a)pyrene ; : 
407 8 8enzo(b)nuoraritheno 
408 B Benzo(g,h4)perylene 
409 B Benzo(k)fluoramhene 
410 B biaQ-Chioroethoxy)methane 
411 8 bls(2-Chloroettiyl)ettier 
412 B bis(2-Chtoroisopropyl)ether 
413 B : bis(2-Ettiylhexyl)phttialate 
414 B 4-Bromophenyl phenyl ether 
415 B Butyf benzyl phttialate; 
416 .8 2-ChIoronaphttialane 
417 B 4-Chlorophenyl phenyl ettier 
.418 8 -'airysene,:--. 
419 B Dibenzo(a.h)anttvacene 
420 8 1,2-DichlorDbenzene : :, ; ,: 
421 B 1,3-Dicblorobenzene 
422 B ; t,4-^|chlorobenzene 
423 B 3.3"-t)lchlorbbenzidlne 
424 B ; Diettiyl phttialate 
425 8 Dimettiyt phthalate 
426 B Di-Hi-butyl phthalate 
427 B :::2.4-binitrotohjene : ; 
428 ""B. : 2,ftrbinitrbtohiene :: 
429 :̂• ,8••'̂ Di-nr-octy» phthalate I-';:•;• 
••43f-B'-; Ffubranttwiie:.: -
432^'--B. •Ruorene • 

.433 i e HsBicachfcrobeî  
434 B: Hexwihtwbbiitadiene 
438 8 / Hmachlorocyclopentadlene 
436 B Hexachlorpettiane/ 
437 8 lndenc>(1.2,3-cd)pyrene. 
438 8 Isophorone 
438 B Naphthalene 
440 8 Nitrobenzene 
442 B N-Nltroso-dl-n-firopylamine 
443 8 N-Nitrosodiphenylamine(1): 
444 B Phenanttirene^^ 

•445 B̂  Pyrene ./-.;.. 
446 8 1,2.4iTrichlbrobenzene : : : 
•474-;B,-.-8enzylatcohol-.v- . i - - ; 
475--• B".:;:4-Chloroaniiin»i • /...-: 
478 ': 'B' ' Dibenzofuran;->.::/.:.: 
477 B 2-MettiylhaplithaIerie ; I 
478:̂  8 ;'2-^ifiroonillne..:;:-:-;:-;•-
478 B 3-Nittoahilliie 1 
480 B 4-Nitrpaniline : 
601 A 2-Chlbrpphenol :::; 
602 A 2,4-Oich|<)reiphenol ; 
603 A: 2,4-Dimethyiphendl, 
604 A 4;6-Dinitrp-2Hrhettiiylphenol :::| 
606 A 2.4-Otnltroplienol 
606:; A 2-Nltrophenoi 
607 A 4-Niuophenoi; / 
608 A 4-Chloro-3Hmettiylphehot 
600 A Pentachlorophenol ; 
8 i q ;.A Phenol• : • - ; : , 

e i i ; A 2.4,8-Trichlbrophenol 
620. A S^ethylphenol 
622;'A 4-Mettiylphenot ; 
625 A Bienzoicacid 
628 A 2.4,5-Trichlorophenol 

MW01 
12218901 
ug/L 

10 U 
10 U 

10 U 

10 U 

10 U 
10 U 

10 U 
10 U 
10 u 

10 u 
10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

20 U 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 
10 u 

10 u 

10 u 
10 u 

10 u 

10 u 
10 u 
10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

; losu;:,. 
;:'• • • io ; - ;U^:^- , ' . , 

10 u 
50 U 
50 U 
50 U 
10 u 
10 u 
10 u 
50 U 
50 U 
10 u 
50 U 
10 u 
50 U 
10 U 
10 U 
10 U 
10 U 
so u 
50 U 

1221891 BM 
ug/L 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 
10 u 
10 u 
10 u 

10 u 
10 u 

10 u 
10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

20 U 

10 U 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 
10 u 

10 u 

10 u 
10 u 
10 u 
10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 
10 .U :••--.. 

10 u;;; 
10 U :V 
10 u 
50 U 
50 U 
50 U 
10 u 
10 u 
10 u 
50 U 
60 U 
10 u 
so u 
10 u 
so u 
10 u 
10 u 
10 u 
10 u 
50 U 
50 U 

MWIB 
1221891 BD 
ug/L 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
20 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u. . 

-.-•• • io ; - :U ' ; r - ; ; . , 

10- u . 
10 u 
50 U 
50 U 
50 U 
10 u 
10 u 
10 u 
50 U 
so u 
10 u 
so u 
10 u 
50 U 
10 u 
10 u 
10 u 
10 u 
so u 
50 U 

12218918 
ug/L 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
20 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

, 10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

•-' 10?Hli : : . 

W U : 
10 u 
50 U 
50 U 
50 U 
10 u 
10 u 
10 u 
50 U 
so u 
10 u 
50 U 
10 u 
50 U 
10 u 
10 u 
10 u 
10 u 
50 U 
50 U 

MW03 
12198903 
ug/L 

•--': . . . 

-., , 

MW04 
12218904 

ug/L 

10 U 
10 U 

10 U 

10 U 

10 U 

10 U 
10 U 
10 U 
10 U 

10 U 
10 U 
10 U 

10 u 
10 u 
10 u 

10 u 

10 u 
10 u 

20 U 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 
10 u 

10 u 

10 u 
10 u 
10 u 
10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

. 10 u 

- - 1 0 , ; ' . - . U - V ..•-,•••'. 

10 u 

so u 
so u 

50 U 

10 u 

10 u 

10 u 

50 U 

50 U 

10 u 

so u 
10 u 
so u 

10 u 

10 u 

10 u 
10 u 

50 U 

so u 
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•' ' i l : : i : i-^-i-: • • : | ; : i . / : 'POINT '• • 

'.'ymyym;:mymymm::::::':3isjMPiJi':: 
•cMp '̂:̂ bL.:: m m y ' ::;-::::cMpb-bE«::-:: 

::7pl-.::;:::P-:/:AIdrin:::::::::::::;:/:/:::::::;:,;// 

:7p2;:;i^::::;./ipi^rBw;;::;;:|:^ 

:;7ira;::::::P/, Bet i i iBi^C 

: 7bi:;.;;-P;:;;;:;;.QaiirBna-flHC:^{^^ : / 
::7b6::.::::p::::::Dirita^Hc::::::::::;:::::::::::;:::::::::::::;:;::;/:: 

•Aiyr:iWy4A^-rc^mmm:':ym^ 
i709:yj^:M.^ioqE:ym: 
7oamf*m:*i4'rxxD::'m:m:mm'y'''Mm:i 
:7ib:;:;::p:/:.-biiidri|»l:/^;/;:i;;::;;;:::::::^;:;:;:;:::^ 
•;71i:::::;̂ P;:::::;EndoiBijlf«m.t:"̂ :::::::;:̂  

'A fz- ::P^ ::;::.Erid<3eulii»in::ii' • y y m i y m m m 
:::713 '• ::::P--^:;:EiidiBiuIfiin;iijltete: 

^:714;::;:p;:/Ehdi*ri;::;:.:::::::s::::::;:.::;^ 

•:ii^8:/;^-p:;:;::::i^ptacl»ior:::;;;:?; 

7it::::;::p;:;:;H<iiptaciiibr,epp)dd^ 
'7iit^:WyiPCEA\^m:m:m..mki^ 
;7ii.::;i:---pcB^i2»^ 
::7i»:.:̂ ::̂ P:::::;.PGBj-i22i;;:::;:;:::;::::::::::;: ::::::::;:::::;:::;::::::::::;:•:::::::::::: 

' i i i l !B.:.:: i^mJK:is^Ai^ 
::M::/i:::::::.PbEiii« 
: ^ : : -iP:::::;:: PC î;ii60:;:;:::;::::::::::::;:; 
::m::;^::p;::::::rcB^ioi8-:;::;lii;:|:::--.^Wi 

•:iilTi*:;;:;::P::::::::|>iiii'^«fliiJo^ 

•::r30.;:: :i::.;:;:.̂ Endrin;:ii;et«in#;::::::::::::::::;:;;.: 
^ii!ir;:i:M;;::;i!iipKa:<M^ 
:7ii:;:::i:;:::i:G«iima:chl^^ 

I6b!::|:b::::::::<:^iia:::;:;;;:::;:::;:;:|:::: 

MW01 
12218901 

ug/L 

0.05 U 

O.OS u 

0.05 U 

0.05 U 
0.05 U 

0.1 u 

0.1 u 

0.1 u 

0.1 u 

0.05 U 

0.1 u 
0.1 u 

0.1 u 

0.05 U 

0.05 U 

0.5 U 

1 U 

0.5 U 
0.5 U 

0.5 U 

1 u 
0.5 U 

1 u 
0.5 U 

0.1 u 

0.6 U 

0.6 U 
10 UAS 

-,.. . 
1221891BM 
ug/L 

0.05 U 

0.05 U 

0.05 U 

0.05 U 
0.05 U 

0.1 U 

0.1 u 

0.1 u 

0.1 u 

0.05 U 

0.1 u 

0.1 u 

0.1 u 

0.05 U 
0.05 U 

0.5 U 

1 u 
0.5 U 

0.5 U 

0.5 U 

1 u 
0.5 U 

1 U 
0.6 U 
0.1 U 

0.5 U 

0.5 U 

10 UAS 

MWIB 
1221891BD 
ug/L 

O.OS u 

0.05 U 

0.05 U 

0.05 U 
0.05 U 

0.1 u 

0.1 u 
0.1 u 

0.1 u 

0.05 U 

0.1 u 
0.1 u 

0.1 u 

0.05 U 

0.05 U 

0.5 U 

1 u 
0.5 U 

0.5 U 

0.5 U 

1 u 
0.5 U 

1 U 
0.6 U 

0.1 u 

O.S u 

0.5 U 
10 UAS 

:il2218blB;-:;,.:-
' i ig /vmy- i -m^ •:•••" 

0.05 U 

0.05 U 

0.05 U 

0.05 U 
0.05 U 

0.1 U 

0.1 U 
0.1 U 

0.1 U 

0.05 U 

0.1 U 

0.1 U 

0.1 U 
0.05 U 

0.05 U 

0.5 U 

1 U 

0.5 U 
0.5 U 

0.5 U 

1 U 
0.5 U 

1 U 
0.5 U 

0.1 U 
0.5 U 

0.5 U 
10 UAS 

MW03 
12108903 
ug/L 

MW04 
12218904 

ug/L . 

0.05 U 

0.05 U 

0.05 U 

0.05 U 
0.05 U 

0.1 U 

0.1 U 
0.1 U 

0.1 U 

0.05 U 
0.1 U 

0.1 U 

0.1 U 

O.OS U 
0.05 U 

0.5 U 

1 U 

0.5 U 
0.5 U 

O.S U 

1 U 
0.5 U 

1 U 
0.5 U 

0.1 U 

0.5 U 
0.S U 

10 UAS 
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COLUERVILLE SITE REMEDIAL INVESTIGATION: PHASE 1 GROUND WATER ANALYSIS SUMMARY 

POINT 

SAMPLE 
CMP CL CMPO-DESC 

101 :M Antimony 
i o i -U /Vrsenlc. -

103 M Beryllium • 
104 M ; Cadmium 
105 M Chromium 

108- M-.-Copper- •• 

107 M Lead 

108 M Mercury 

10i9':.M'^ Nickei; •• • -

110 M Selenium : 
111 M Silver 

112 / M : Thallium 

113 M 23ne 

114 M Barium 

115 M Iron 
l i e M Manganese 
117 M Vanadium: i- :; 
i 1 8 : M ; Aluminum 

120^̂  M " Cobalt 
121 M Magnesium 
129 M Calcium 

130 M Sodium 

;i31 • :M--Pota8slur(i......; •:^i:':i; •:̂ -̂/-...,. 
» i ; ' . ' y - . . Acrolein^ y . " ' . ! 

202 '•' A-' '" •Acifytonitrile-::;-:. -

203^ y •-••Benzene-;::-:^ 
ZOB ,V i.Brpmolbnn-.:..;.• 
20«i V Carbontetrachloride: i : 

207-.:y:.,-ChiorobenzBne^^-- i : -.-:- -' 

208 V bibiromochlpromettiane 

209 V Chlproethansi : : 
210 V 2-ChIoroethyl vinyl ether 

211 V Chloroform ; : / 
212 V Bromodichloromethane 

214 : V 1.1-Dichloroettiane 

215 V 1,2-Oichloroethana 

216 V / : 1.1-Oichloroettiene i 

217 y i.2-Dlchloropropafie; 
21(i V Ci»-1.3-Dlchloropropen« 

219 V Bhylbenzene / , 

220;.;; y.:.-. Bromomethane.:..:::,., 

22i::^^V•::•;Chfordmettiane.;; •. ".:• • 

222 V Mettiylisnechloride: :: 

223 V i ; 1,2.2-Tetrachtoroethane: 

224 y Tetrachlofoettiene: : ; ^ 

226 ' y Toluene-, ; . , 

227 y 1.1,1-Tricfitoroettiane: 
228 ; y 1,1,2-Trichioroethane::: 

229 : y Trichlorpettiene; i ; ; 

2 3 1 V: Vinylchloride i r n 

25 r . y ' - ' s t y rene . . ^ - i -

252" y-^Acetone . 

253 y 2-Butanone 

254 y CartJon disulfide i : V 

255' y• ' 2-Hexanone' 

2Si6 y 4-Mettiyl-2-pentanone: 

257 y Vinyl acetatift 
280 y Xylenes (Total) :• 

2 M V 1,2-Dfchloroethene(Total): 

401 8 Acenaphttiene 

402 B Acenaphttiylene ..••.•. 

403 8 Anttiracene: 

MW05 
12108905 

ug/L 

21 U 
3 U 

1.3 B 

5 U 
5 U 

4 U 
4 W 

0.2 U 

29 U 

10 UWN 

4 U 

2 UW 

4220 
124 B 

1260 

281 
2 U 

309 

7.1 B 

6800 E 

32000 

106000 

2790 B 

140 U 

140 U 
140 U 
140 U 

140 U 

280 U 

1 J 

140 U 

140 U 

140 U 

6 

140 U 

140 U 

140 U 
, 280. u;. 

; 2 8 0 / U / 

140 U 

140 U 

140 U 

140 U 

140 U 

140 U 

4200 0 

280 U 

140 U 

140 U 

280 U 
280 U 

140 U 

280 U 

280 U 

280 U 

140 U 

4800 D 

10 U 

10 U 

10 U 

MW06 
12218906 
ug/L 

21 U 
3 U 
1 U 

S U 

S U 

25.5 
2 UW 

0.2 U 

29 U 

10 UWN 

4 U 

2 U 

3020 

39.2 B 
990 

33.8 
6.8 B 

89.7 B 

4.6 B 
2740 BE 

7240 

19.100 

2720 B 

5 U 

6 U 
5 U 

5 U 
5 U 

10 U 

5 U 

5 U 

5 U 

5 U 

5 U 
5 U 

5 U 

5 U 

10 U . 
10 U 

••-v---6.::uv-=:^'' 

5 U 

5 U 

5 U 

5 U 

5 U 

2 J 

10 U 

5 U 

5 U 
10 U 

10 U 

5 U 

10 U 

10 U 

10 U 

5 U 

5 U 

10 U 

10 U 

10 U 

MW10 
12218910 
ug/L 

21 U 
3 U 
1 U 
6 U 
5 U 

4 U 

2 U 

0.2 U 

29 U 

10 UN 

4 U 
2 UW 

13.8 B 

36.7 B 
4.7 8 

8.5 8 
5.7 B 
16 U 

3 U 
3730 BE 

13500 

27900 

5480 

5 U 

6 U 
5 U 

5 U 
5 U 

10 U 

5 U 
5 U 

5 U 

5 U 

5 U 

5 U 

6 U 

6 U 

10 U, 

,-; / . . i io:;;u;-

s u 
5 U 

5 U 

5 U 

5 U 

5 U 

3 J 

10 U 

6 U 

5 U 

10 U 

10 U 

5 U 

10 U 

10 U 

10 U 

5 U 

5 U 

10 U 

10 U 

10 U 

MW12 
12228912 
ug/L 

21 U 
3 UW 
1 U 
6 U 

11.7 

4 U 
2 UW 

0.2 U 

29 U 

2 UWN 

4 U 

2 U 
4.5 B 

27.4 B 
185 

6.7 B 
4.3 B 

18.8 U 

3 U 

2750 BE 

7090 

15200 

2320 8 

5 U 

5 U 
5 U 

5 U 

5 U 
10 U 

. 
5 U 
5 U 

5 U 

5 U 

5 U 

5 U 

5 U 

5 U 
10 U ; 
1 0 - u ; . 

5 U 

5 U 

5 U 

5 U 
5 U 

5 U 

5 U 

10 U 

6 U 

5 U 

10 U 
10 U 

5 U 

10 U 

10 U 

10 U 

5 U 

5 U 

10 U 

10 U 

10 U 

MW13 
12228913 
ug/L : 

21 U 
3 U 

3.9 B 
5.6 

5 U 
6.4 B 

2 U 

0.2 U 

29 U 
10 UN 

4 U 
2 UW 

15.9 B 

57.5 B 
20.2 B 

11.3 B 
S B 

16 U 

3.8 B 

2300 BE 

5670 

63000 
2260 B 

5 U 

5 U 

5 U 

5 U 
5 U 

10 U 

5 U 
5 U 

5 U 

5 U 

5 U 

5 U 

5 U 

5 U 

10 U 

••.. 10;; u r - . , : -
5 U 

5 U 

5 U 
3 J 

5 U 

S U 
140 

10 U 

5 U 

5 U 
10 U 

10 U 

5 U 

10 U 

10 U 

10 U 

5 U 

5 U 

10 U 

10 U 

10 U 

MW14 
12228014 

ug/L 

21 U 
3 UW 
1 U 

5 U 
5 U 
4 U 
2 UW 

0.2 U 

29 U 

10 UN 
4 U 
2 UW 

5.9 B 

30.2 B 
170 
1.7 B 

2 U 
16 U 

3 U 
2700 B 

7230 

22900 

2500 BE 

5 U 

5 U 
5 U 

• 5 U 

5 U 
10 U 

5 U 

5 U 

5 U 

• 5 U 

5 U 

5 U 

5 U 

5 U 

,10 U 

_-• -10^;;.U:;-;..!-.--
' 5 - -u r , • 

5 U 

5 U 

3 J 

S U 

5 U 

5 U 

10 U 

5 U 

5 U 

10 U 

10 U 

5 U 

10 U 

10 U 

10 U 

5 U 
5 U 

10 U 

10 U 

10 U 
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COLUERVILLE SITE REMEDIAL INVESTIGATION: PHASE 1 GROUND WATER ANALYSIS SUMMARY 

POINT 

SAMPLE 

CMP CL CMPO-DESC 

405 8 8enzo(a)anttiracene 

408 ,B Benzo(a)pyrene 

407 Bi Benzo(b)fluoranttiehel : 

408 B , Benzo(g.hJ)perylene 

409 8 Benzo(k)fiuoriBnthene ;: 

410 B bi^2-Chloroettic»cy)metttane 

411 B bls(2-Chioroettiyl)ettier 

412: B bi8(2-ChloroisopropyQettier ; 

413 B bia(2-Eaiylhexyl)phttialate i 

414 8 4-Bromoplwnylphenylett ier 

4 l S : B Butyf benzyl phttialate 

416 B 2-Chloronaphttiaiene 

417 8 4-Chlorophenyl phenyl ether 

418 B Chrysene 
418 B Dlbenzo(a,h)anttiracehe 

420 B 1,2-rDichlorobanzene/:; 

4 2 i J& 1,3-pichiorobenzene / ; 

: 422^;, B ; .,: i.4.^Jichlorbberu!eiie;:--:-^^: • ̂  • 

423 isi;3.S'-^)lchlbrbb«nzld|ne: •:; 

424 B Dlettiyl phttialate : : 

42i5 : B Oimettiyl phthalate-

426 B Dl-f l-butyl phttialate.::::; 

427 8 2.4-pihitrotolueiie ; i i : 

4 » 8 ;;2>4)ini i irbtoluefie ::::, 

:420.. ,;B^;' bt-^i-4clyi^phttiatat»:i;' / 

••43i i i . Bi: - • Ffaoramheiiw-/;^ 

-432-'':'i^-,.:.Riiiiijirene--^ 
. '•433/:Bi. • i^axachtorobenzene;':' "•':', 

^ ' "B-.•;;htoxachtorobuiUuJ|en«:;;:.:;-

4 3 6 / ; B Hexachtprcicychiipentadiene / : 

438 B Hexachiorbettiane i ; : 

437 8 lndano(1,2,3-cd)pyrehe : 

438 B Isophorone 

438 8 Naphthalene : 

440 B Klltrobenzene 

442 B N-Nitroeo-di-n-propylamine 

443 8 Nr:Nilro8odiphenylaim'ne(1) : 

444 B Phenanttirene 

446 :B -.• Pyw ie - .;.:-, . 

. 448' ; • 8.-. - :.:1 i ,4.-tr ichlor»beiizane; i ::̂ : 

474-: •; B;: :'Benzyl^aicohbl-.:.,.::;.; . 

476:--/B:: •:-4-Chloroanii|ne::.:.;'•• -

476 B Dibenzofuran: 

477 B : 2-MettiyinaphUialene: i 

478 B 2-44itroaniltne : i 

470 B is - fJ I t rpa i i l l lne ,; 

480 8 •rNitroanil ine 

601 : A 2r<:hlorophenoi 

602 : A 2,4-Oichlpfophenoii: ; i:; 

803 A 2;4-Dlmetflylphen<4 : : : 

604 A 4,6-binltto-2-methylphenol: : 
606 A 2.4-Otnifrbphenoli: ; ::: 

808 . A:.2-Nltrophenof: . • / ; : - i ; . i ; . : / i : . 

iB07;. - A ' . 4^1trophenot.',: :' 

608 ;A 4-ChIorb-3^ett iy iphenb« :;:: 

600 A Pehtiichlorophenol 

610:-^A...'iF>henol" ;•--;:• 

e i i A 2.4,8-Trlchlerophenol ; 

620 A 2-Mett»yfphenol : 

922 A :4-Mettiylphenol ;• 

626 A Benzoicacid 

628 k . 2.4.6-Trichl6rophenol 

MW05 
12108905 

ug/L 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

2 J 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 u 

10 u 

10 u 

20 U 

10 U 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

i-i "10-C--U.,•--•--.•- . 

..,.'•' 10 U;;--''./; 

• 10 u 

10 u 

50 U 

50 U 

50 U 

10 u 

10 u 

10 u 

50 U 

50 U 

10 U 

SO U 

10 u 

60 U 

10 U 

10 U 

10 U 

10 U 

60 U 

50 U 

MW06 
12218906 

lig/L 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

20 U 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

v 10 u 

-.••-, .- 10--';U.-„-,-. 

10 u 
10 u 
50 U 
50 U 
so u 
10 u 
10 u 
10 u 
50 U 
50 U 
10 u 
50 U 
10 u 
50 U 
10 u 
10 u 
10 u 
10 u 
so u 
50 U 

MW10 
12218910 

ug/L 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

20 U 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10; U 

10; : u / 

10 u , 

10 u 

50 U 

so u 

50 U 

10 u 

10 u 

10 u 

50 U 

50 U 

10 u 

50 U 

10 u 

so u 

10 u 

10 u 

10 u 

10 u 

so u 

50 U 

MW12 
12228912 

ug/L 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

20 U 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u . 

10 u : 

10 u 

10 u 

50 U 

50 U 

so u 

10 u 

10 u 

10 u 

50 U 

50 U 

10 u 

so u 

10 u 

50 U 

10 u 

10 u 

10 u 

10 u 

so u 

so u 

MW13 
12228913 

ug/L:?: 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10, u 

10 u 

10 u 

10 u 

10 u 

10 u 

20 U 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

' 10 u 

10 u 

10 u 

10 u 

10 u 

10 a 

10 U . . : 

10 u 

10 u 

so u 

so u 

50 U 

10 u 

10 u 

10 u 

50 U 

50 U 

10 u 

50 U 
10 u 
50 U 
10 u 
10 u 
10 u 
10 u 
50 U 
50 U 

MW14 
12228014 

ug/L: . 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

20 U 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

1 0 . u 

10:,U; 

; iO U;̂ Vi-, 

10 u 

so u 
so u 
so u 
10 u 
10 u 
10 u 
50 U 
50 U 
10 u 
so u 
10 u 
so u 
10 u 
10 u 
10 u 
10 u 
50 U 
50 U 
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COLUERVILLE SITE REMEDIAL INVESTIGATION: PHASE 1 GROUND WATER ANALYSIS SUMMARY 

li;;:;-;:;:..i^-|^:;iii:i'l;i':^;iii.ii:i;i-i-ii;ii:;f^?ll*f^^ 
:::/.:;:;..:^^'^::::::;;;;.;::;:;;;:::::?::;:::::;.;-.:--;'::;:;/.';:SM*PLE;:::-

C iUp :::::CL::: -:•::::;:;:::::;::.- :::,.::,;:::::::;:::::::::-̂ :;Ciil PO-OESC.: "̂  

; 70i:::::.:::P-:::::::^AIdrin::::: ;::;:;;.;::.• 

:>b2^*::;:p::;:::XipKaTBHb;-:::.:. 
•:>bs;.:f̂ -:::-::Beia.liî c/-:::::/;:::-:-:::;:;.;:-;::::::::;;::̂ ::̂ ^^^ 
.;.704;:::;:P;;:' •Gta i r i f i iahBHC {tjridiane}:::/::::::;:::;;;::;; 

::7b5:::/p::::::::;:D«ii|BHC::::::::::::::::::/;::::::::::::::;;;;.::-:---:::::::::::::; 

767:;; : ;p:; : ; : :4;4'-4jDT::: i : ; : ; : ; i : : : ; / : : : ; ' :^: 

:7D8:;::::;:P;;;::::4.4:^-CipE:::::?. 

.;709:;:;:;:.P;-:::;;:4;4^*ibb :::::::•:::::::::;:::;:;:::•;:;:;;::::::;::?::::.:::::::: 

;7ib;.:;p:;:: .DieWrin;:::::::::;:;:::?':-̂ ^̂  
-:7i.i-;/P::::;;: Endbsuifaii:!:;;;: :-:./-;:;s;:l 

::-!̂ î :::::.p::::::::Eridosuiiwi:it:;:::::;;;:;::::;:::::̂ ::̂ =:;:;:::::::::::-: 
.:.7i3:;:;p:;:::;:Eridbiwifan ̂ (kiiifato::;: ::.-.;;'-
:;7li;:;:iP;;:;:Endiih:::::;:--^ 

:::7ia:;':^P:;:|Heptichlc)r:-::::::-:;:; • 

.:^7:-:- p :::;::ii»ptaciliiof :ep»[ide :::;::.:;;;::::::-;:•:;:;;; 

.:7i8:-:;:-: p̂ ::: .•:::PCB-i 242::;:;:::;:;:;:::::;:::.:.::.:/:;::::::::;:;;::::::;;:::: 

; ; | i9:;; : :P: ' : •;PCBrri 264:^:;:;::::/:;::::::;-::::::/:;;-

:̂>»?::::P::::;:;: PCBPikl: • ̂ ^-mimiiiim. 
-:72i;:^::-F^::::::::pci^iii!32 -::::-;•: 
'iniAyf^yip<driii^ 
^•723. : ; :p : : ::PC#il26b;::;:::::::-: 
•tfttA^moi:• • drf^o ••^fi^ii i. i i^ 

: 7 2 $ ; : s ; P / : : : : T < > x ^ 

fr'is::m:^mfiiAr*i^^ 
::7^::::::::p::::.;-indriri-:ketbirt::-::: 
: : i i7: ; ; : . . :Pi ; i : : : : :^pKa^ehiort^ 
;74S:::-:::p^:::/6amm 
:tbbi;::::C;;|::bi«miiii:::H;:;;;::/-

M W 0 5 
12108905 

ug/L 

10 UAS 

MW06 
12218906 
ug/L 

0.05 U 
0.05 U 

0.05 U 

0.05 U 

0.05 U 

0.1 U 

0.1 U 

0.1 U 

0.1 U 

0.05 U 

0.1 U 
0.1 U 

0.1 U 

O.OS U 
0.05 U 

0.5 U 
1 U 

0.5 U 

0.5 U 

0.5 U 

1 U 

0.5 U 

1 U 
0.5 U 
0.1 U 

0.5 U 

0.5 U 

10 UAS 

MW10 
12218910 
ug/L : 

0.05 U 
0.05 U 

0.05 U 

0.05 U 

0.05 U 

0.1 U 

0.1 U 

0.1 U 

0.1 U 

0.05 U 

0.1 U 
0.1 U 

0.1 U 

0.05 U 

0.05 U 
0.5 U 

1 U 

0.5 U 

0.5 U 

0.5 U 

1 U 

0.5 U 
1 U 

0.5 U 
0.1 U 

0.5 U 

0.5 U 
10 UAS 

MW12 
12228912 
ug/L 

0.05 U 
0.05 U 
0.05 U 

0.05 U 

0.05 U 

0.1 U 

0.1 U 

0.1 U 

0.1 U 

0.05 U 

0.1 U 
0.1 U 

0.1 U 

0.05 U 

0.05 U 

0.5 U 
1 U 

0.5 U 

0.5 U 

0.5 U 

1 U 

0.5 U 

1 U 
0.6 U 

0.1 U 
0.5 U 

0.5 U 
10 U A S 

MW13 
12228013 
ug/L: : , 

0.05 U 
0.05 U 

0.05 U 
0.05 U 

0.05 U 
0.1 U 

0.1 U 

0.1 U 

0.1 U 

0.05 U 
0.1 U 
0.1 U 

0.1 U 

0.05 U 
0.05 U 

0.5 U 
1 U 

0.5 U 

0.5 U 

0.5 U 

1 U 

0.5 U 

1 U 
0.5 U 

0.1 U 
0.5 U 

0.5 U 

10 U A S 

MW14 
12228914 

ug/L 

0.05 U 
0.05 U 
0.05 U 
0.05 U 

0.05 U 

0.1 U 
0.1 U 

0.1 U 

0.1 U 
O.OS U 

0.1 U 

0.1 u 
0.1 u 

O.OS u 
0.05 U 

0.5 U 
1 U 

0.5 U 

0.5 U 

0.5 U 

1 U 

0.5 U 

1 U 
O.S U 

0.1 U 
0.5 U 
0.5 U 
10 UAS 

C - 6 
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COUIERVILLE SITE REMEDIAL INVESTIGATION: PHASE 1 GROUND WATER ANALYSIS SUMMARY 

--:•.- ..-/POINT ' 
'"SAMPLE 

CMP CL " cupo-oesc 

406 B Benzo(a)anttiracene 
408 8 Benzo(a)pyrene; 
407 B Benzo(b)fluoranthane 
408 8 Benzo(g.hJ)perylene 
409 B Benzo(k)fluorBnthenei 
410 B bis(2-ChIoroeU>oxy)niethan« 
411 B bis(2-ChloroettiyOeUier ; 
412 B: bis(2-Chloroisopropyl)ettisr V 
413 B bisC2-Ett«ylhexyOphttMU*te; 
414 8 4-Bromophenyl phenyl ether 
415 8 Butyl benzyl phttialate / 
416 8 2-Chloronaphthalene 
4 1 7 - 8 4-Chlor6phenyl phenyl ether 
418 B Chrysene: 
419: 8 Oibenzo(a.h)anttiracene 
420 B 1,2-Dichlorobeiizene ,/ 
42V B i.3-DichlorobehzBne /:; 
422 B t,4-Oichlorobenzene - ; 
423 B i3,ij'-Diclilbrobeniidihe 
424 B Dlettiyl p l i t t i a l a t e / / 
425 8 Oimettiyl phttialate 
42B B Dl-4V^utyl phthalate / 
427; B 2.4.-Dinitrotoluene: i i ; ; 
428: B ;2>-binitrbtotuenflh 
4 M | B : / D i - n - o c t y l phUiatat^ ; ;: V 
•43i^ 'B//Ruoranttiene •-. • 
;432,; • B • -•Ruorene.;: .,-•:-,•.,:::/';.: 
• i w i iB:-:- • Hexach»dif«iiieniiEBiw':;/: :• -
434 ; B Hexachlorobutadiene / 
:43fii;: ; B / Hexachloirocycfppentadlene 
W > ; Hexachlorciettiane i 
4i37 : B lndeno(1,2,3-cd)pyrene;;: V 
438 8, Isophorone . 
439 B Naphttialsne : : ; : 
440 8 Nitrobenzene 
442 8 N-NiUoso-di^-propylamine 
443 8 N-Nitrosodipheriylamine(1) 
444 :B Phenanthrene; :: 
.445 8 --Pyrene •.' 
448 B 1,2.4-Trichlorpbenzene : 
:474:;- B.- Benzyt.aicoho».•,-•-..;. 
.̂ 476̂ :;-: B. i- 4-Chloroanilirift;:, /•-•-. 
478- B- •• Dibenzofuran -•-.:::•-:::-:-
477 : is 2-Mettiylnaphthaiene :;: 
478 -B̂  •2-fJitroahilin«/;i::-/;;-.:::-\;;-

•480 • 8 -̂  ^-Nitroanlline;•••;;-:;•:.•/•-
601 A 2-Chloropi»enbi; i ;i 
602 A 2,4^3ichlorophenbl; / : 
6W ; A 2.4-Dlmeilhylpheho»: : 
604 A 4,e-0initro-2wnettiylpheriol 
805 A 2,4rDinitraphenot 
608 A 2-fiitrophenoi 
607 : A 4TNItrbphenol / 
608 A 4-Chlorb-3-methylphenol 
600 A Pentachlorophenol :,: 
610-; A • Phenol-:..;/:;:-
611 / A iAfr^richlerophenbl 1 
|eao;'-:A;i2-Mettiylpherio»-;..-.,':/;' 
622 A 4-Me«hylpheno* 
626 A Benzoicacid 
626 A 2.4,5-Trichloroplienol 

MW16 
12208916 : 
ug/L 

10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
20 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10, u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

i-.--.":tO.-,U----i'",--
i^;;; io;-u-;:- ' ; , 
' 10 u 

10 u 
60 U 
60 U 
50 U 
10 U 
10 u 
10 u 
50 U 
50 U 
10 U 
50 U 
10 u 
so u 
10 u 
10 u 
10 u 
10 u 
so u 
50 U 

MW21 
12208921 
ug/L ; ; 

-

MW23 
12198923 
ug/L 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
2 J 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
20 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u , : 
10: U., 
10 u • 
10 u 
50 U 
50 U 
50 U 
10 u 
10 u 
10 u 
60 U 
so u 
10 u 
50 U 
10 u 
50 U 
10 u 
10 u 
10 u 
10 u 
50 U 
so u 

WESTCrTYWFll 
122089WC 
ug/L ..: 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
20 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 U;, 
10: U . 
10 u 
10 u 
so u 
so u 
50 U 
10 u 
10 u 
10 u 
so u 
50 U 
10 u 
50 U 
10 U 
50 U 
10 u 
10 u 
10 u 
10 u 
so u 
50 U 

E/(STCrrYWEU 
122089EC 
ug/L . 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u. 
10 u 
10 u 
10 u 
10 u . 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
20 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10; U: 
10; U r , 
10 u -
10 u 
50 U 
50 U 
50 U 
10 u 
10 u 
10 u 
so u 
50 U 
10 u 
50 U 
10 u 
50 U 
10 u 
10 u 
10 u 
10 u 
so u 
so u 
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COUIERVILLE SPIE REMEDIAL INVESTIGATION: PHASE 1 GROUND WATER ANALYSIS SUMMARY 

;.:,;:;iRpiNT:iî  
'i--i-^-isS^MPLEii 

CliiP;;bL'::|i:::;;:::;:i;'::::-^: î;:i::;CMro2bESC'̂  

; 701:::::;.::P : -•.Aldrin:;;:::;:::;::: :•/:. 

::?7b2 :̂ii?:iiXiphaî iib;:/;i:i:..̂  
,:,mii:;p:ii; Beta-BHC:::' î  •iii:;::i;-::;;i:i i i l l •• • 
:̂'7b4:̂ iiP îi:Qatiim«^ 

.7b5ii:̂ P;i:i'b l̂iiTBHC;:̂ :̂ :|;;: 
•;707i'̂ -'Ff:iii4,'<:TctoTi:i;i-i-'iii 
:70«:;:;pii:::4:4-rClD 
.7b(iii:p^'i:|i4'|MD-: i: i i i i i ;:;ii:i::.-.;;^ 
;;710:iiP-:;i:bieldHn:^::::i:iiiii;;i:ii;ii:iii-';li 
::7Jl,:i;F-;iEndoiwltoi|iii;i::r 
:-712i:iP:;i;ihdosullan:u^^ 
; 713::-ipi :i Endosulfan-siiirti 
,7;|i»;:::!l»i:i:::lEn<irin::;ii::;;;i,:^ 
iT18:;;: :F^| ;i*»ptachlc>r:-'ii| i i i 
::7l7:;;:p;:::::::i+9ptachliir'ep<Bdde::̂  

'[ 7ib|iliii;reBf;i|ttiii:; 
;;7i9;.';^P;ii:PCBTi2Siiii;i:;;;:.:/:::i 
i2bii::p;:ii^i?Si-i22iiiii 
::̂ ;:;:/i|:;:::::.PCBil23a:;:;;:::;:::;:::;:;:;:; 
;7ai2iip;i:^iw:i§iiMii ; ; | i : i i ; 
7ai::::::P::::::::.î Bi;i!«)-:;;/:./;:;:;:::;:::::::::;:::;:3 
;:ii24;:;:f^;:;|cBii:0ie::::-/:::::y 
:7|ii8--;:-:̂ P;:,:::,: ̂ ;hi»«^e|ii;:: y - f m i i i 
iriiiA'i^yi^iiiirMt^^ 
:;:7iii;:;::p;::.:iBiid^ 
|47;.:;i:;;;iiipi|iiii::c 
;ji^»:::;f;:/6«ir^ 
ibbi:/bi;ibyaĵ td4*:s:;i;::;,.,;-:̂ ;̂ ;̂ ::̂  

MW16 
12208916 

ug/L 

0.05 U 

0.05 U 

0.05 U 

0.05 U 

O.OS u 

0.1 u 

0.1 u 

0.1 u 

0.1 u 

O.OS u 

0.1 u 

0.1 u 

0.1 u 

0.05 U 

0.05 U 

0.5 U 

1 u 
0.5 U 

0.5 U 

0.5 U 

1 u 
0.5 U 

1 u 
0.5 U 

0.1 u 

0.5 U 

O.S u 

10 UAS 

MW21 / 
i2208tei:/: ii.-;:; 
ug/li::;; ---:/::;•::---

• 

MW23i:|::ii;i:i:: 
.1216«i23;-•::-:'-iii::: 
tign::mimmimi 

O.OS u 

0.05 U 

0.05 U 

0.05 U 

0.05 U 

0.1 u 

0.1 u 

0.1 u 

0.1 u 

0.05 U 

0.1 u 

0.1 u 

0.1 u 

0.05 U 

0.05 U 

0.5 U 

1 u 
0.5 U 

0.5 U 

0.5 U 

1 u 
0.5 U 

1 u 
0.5 U 

0.1 U 

0.5 U 

0.6 U 

10 U A S 

WEST c m r W P U 

122089WC 

ug/L 

O.OS U 

0.05 U 

0.05 U 

0.05 U 

0.05 U 

0.1 U 

0.1 U 

0.1 U 

0.1 U 

0.06 U 

0.1 U 

0.1 U 

0.1 u 

0.05 U 

0.05 U 

0.5 U 

1 U 

0.5 U 

0.5 U 

0.5 U 

1 U 

0.5 U 

1 U 

0.5 U 

0.1 U 

0.5 U 

0.5 U 

10 UAS 

EAST Cr tY W R I 

122080EC: / / 

ug/L 

O.OS u 

0.05 U 

0.05 U 

0.05 U 

0.05 U 

0.1 U 

0.1 U 

0.1 U 

0.1 U 

O.OS u 

0.1 u 

0.1 u 

0.1 u 

0.05 U 

0.05 U 

0.5 U 

1 U 

0.5 U 

0.5 U 

O.S U 

1 U 

0.5 U 

1 U 

0.5 U 

0.1 U 

O.S U 

0.5 U 

10 UAS 
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APPENDIX D 

HISTORICAL MONITORING WELL 
DATA TABLES 



MONITORING WELL HISTORICAL DATA 
WELL 
MW01 
MW01 
MW01 
MW01 
MW01 
MW01 ; 
MW01 :;• 
MW01 
MW01 
MW01 
MWOi 
Mwor , 
Mw6i;l':i-ii 
MWOili;; 
M w o i i i ; 
MW01 i 
MWbt ; ; 
Mwo-i i / i 
MVVbl i 
MWpt 
Mwoiii:i/;; 
MWdl 
Mwbi ; 
MWOi 
Mvyoi i i ; 
MWOI i 
MW01 
MW01 
MWOI 
MWOI 
M W 6 I 1 
MWdtli i i 
Mwpi'l-;:i:-:i: 
hAmrim 
MVVOI 
Mw6i 
MWOi i i 
MWOi i / 
MWdi 
MWOi; 
MWOi 
MWOi; : 
MWOi :; 
MWOi 
MWOti 

DATE 
07/10/86 

i07/10/86 
09/15/86 
10/20/86 
10/28/86 
1i/03/86! 
11/12/86: 

111/20/86 
12/04/86 
12/11/86 
12/17/86 
12/^3/86 
^2/30/86: 
01/07/87 
01/22/87 
01/29/87; 
02/12/87 
02/18/87 
id2/26/87 
;:d3/05/87i 
ip3/i^87/ 
03/20/67 
03/25/87 
04/03/87 
04/09/87 
04/16/87 

i 04/23/87 
04/30/87 
05/06/87 

165/14/87; 
; b5/2i/87 
o s M m i 

i06/b4/87; 
: 06/18/871 
66/2^/87i 
07/02/87 
07/09/87 
b7/i6/87 
07/23/87: 
08/20/87 
08/27/87; 
b9/03/87 
09/17/87 
09/28/87 

:i0/i5/87 

T C E ( p p b ) 

•:-;:;i:'-i;i'iiiii;;ii:-3:8! 
::/--i/-|:i:iifti:::l3;8i:' 
Iii;:;i::-i-'̂ ^̂ ^̂ i:ili26b-;: 
'••'liiiiiii::|î :̂;:ii:53:î  

ii|:iii|i64i; 
iiiiiiii::::;::'-j-'li^'o-; 
ii;i:^l;liiii::i:;-li5:i 
i:ili:i:;iiiiii:'i:38i 
'i:li:|:ii;i;iiii;/::4|:| 
llliiii;i:;:;i:iiii|i:Pi-; 
;:i;i:;:.;'--^:-ii;iil;i: '̂ii 
i i i i i i ; i i i l i i |07l 
i i i iA i l im i im i 
A i E i A W M . 
iiAiiiiiiAgiMsl 
mAMii i lAim. 
iiili^li:i:i:^i:i^llfbi; 
ill--'*:|iiiiiiT25i; 
i i ; l : i i / ' i i i i lQi ; 
WiimiiiiiAiW: 
i-i|i:iiiiii::::ii;iiii;i 
•ilii::liii;ili:ii:i:25i 
ii-:ii:ii;iiii:iiiii-ibl 
iiiii:iiii:ii;'-iliiil 
tl----'lii;;;:l:i;i30:! 
I:i:liil;i;:̂ ^̂ i-;̂ :;i:iii|6;-' 
:::iliilli'-i-;i;iil3bi: 
i i i i i i : s i i i i : f i | ; 
::|i i i l i i- '::i i lQl 
'il'liillil^-^:-ii-3bi: 
iiiiiiv:||ii;iii2bil 
m i i A K i i m i 
i i i i i^ i : i i i i l l i>: i 
:ii;;:;:;iiii:||b::::: 
i:iiiiiiiiiliii:5bl 
;'i:-:3lii:l;l'^^'iibl; 
:;ili:|iiiî ^^ l̂;-:i:̂ ;̂|Q:| 
l:̂ --;'-::':-:':liiii*-W 
ii:ili;i':iiiiii:ii-;225i: 
iiiii!^i--^l:iiiliiil5i:: 
ii^ililiiiiiiliiiiiii 
':i:i:i:li;ii/i:-llibb:i 
'•••::iiiiii;:i:|i-l:l|i 
ii;;'i-|ii|iiii;iii;l5i: 
:iii:i|i:iiil:-:-i-l2li:i 

DCE(ppb) 

<T;iiiii:ii'̂ -:iiiii'-'̂ i:-.̂  
^i-^^i||i;-:|iii:^:;:iii 
•̂ i;:..iil:/iî i:̂ i::/::i:'ii: 
:^il;i':-:lii-:-^'l|i4:i 
::ii-iiiiii:;-'li:::-.-.:'̂ 'li:ii 
lii:l--liii.:;;;̂ lii:i:i'̂ ;2i:: 
iiili;ill-;i;-i:||i6i 

ii;ii'ii:i:.::̂ -r;7:':: 
A A i A i A i M 
A A A i i i i i M i 
A i i A A A m m 
iiiyAiAiAiy^iii 
s A S i i i M i 
A i i i i i i A A M . 
iiiiiî iiii;:ii:iiiii:i7i5;:' 
illi;i';'fl:i:::-:::-i;li8:2:; 
ii:i:i::iiiiii:iii::ii;:ii: 
iiii;i^'-;iii^:ili:iiil 
•;iil:iiii;;:i^i::ie;|i: 
il;^iill:;ili|:;:ili|-:-
l: i :: i : i i i i i : i i i : i i 
i l i i i i i i l '^ i i i i l i i i : 
li:ii:|l;^l^:'iii:i:i:9l' 
:'''ll:i::|:il;:ii:;8i:9i: 
ii:i-:'li:ii:iiii:i:llii:bi--
•3:iiiiii:ii|i::i-i9'fi: 
'"iiiii:lii;iiiiiiil-8-;|i-
i:l-::i:i-;-iiii: îiiii8!i; 
i"i i i l i l l i-i:^;il i-
ii|iiiiii::ii:iliiii:--: 
liiiiPi!i::i:ii;i:l:;' 
WAAAAAS. 
iiiiliiiil;ii-il 
l i i: i i; i| l i-:;i l i i i l 
:iiiiii^^ii:iiiiiil-
i i i i i : ' i i : | i i i : : l i :-
iiiiii-i:-iiliii::iltll 
i i i m A A m s i ^ 
iiiili:-•/ii:|::liiii:;--
:i i i i i i : i i i l! i i i i5l: 
i i l i: ' i i i i-i i i; i i l l i i 
iii::^-iiiii;i:ii:i^ii:i:i 

iiiil-rii::iii:i|:-::-
•;iiiNlilliiiiiii;i 
iiiii-;:ipi::ll-i-f|i 

D - i 



MONITORING WELL HISTORICAL DATA 
WELL 
tAWOtmrn 
Mw6tii-:i;i 
MW0t:|l̂ :̂ :i: 

^mmtiA 
'iMoiiAB 
m n i i A i 
^liwbiilii 
Wmimi 
•JiiTOtliiii 
m i m O . 
WMWii. 
WmmiS 
WMWA 
MWOtii/i i 
m i o i i A i i 
Mwot:i:*:iiii 
MWOlil i i 
mmSM. 
WMSim 
I M X i i 
^ i W l i i i 
MWOI A 
MWOi A 
MWOi A 
MWOI A 
MW01A 
MWOI A 
MWOI A 
MWOI A 
MWOI A 
MW01A 
MWOI A 
MWOI A 
MW01A 
MW01A 
MW01A 
MWOI A 
MWOI A 
MWOI A 
MW01A 

:iwoiiii l wmum 
l i i i t i l 
i i i t i i l 
I W i i i i 

DATE 
07/10/86 
11/17/87 

;12A)9/87; 
01/21/88: 
02/17/88S 
•03/16/88; 
i04«7/88K 
M/iSiBSt 
;ib6/27/88: 
167726/88: 
b8/29/88i 

109/28/88: 
HcmiBS 
12/28/881 
b2/1W89 
04/25/89 
05/30/89: 

ijd6/26/89i 
l:67^8l; 
08/31/891 
169/28/891 
12/09/87 
01/21/88 
02/17/88 
03/16/88 
04/27/88 
05/26/88 
06/27/88 
07/26/88 
08/29/88 
09/28/88 
10«4/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
06/26/89 
07/27/89 
08/31/89 
09/28/89 

iSi^wBl 
i i i T / i i i 
ioiiiii 
i i i i i i z^ i 
WaiiiMek 

TCE(ppb) 
=i::|:-;;:i:i;-::;i:::-:;i3.a:: 
lii-̂ 'Si'̂ 'i-:-.;:ii:::iii05; 
Ii:ii-;'ii-i:lil;:::ii25bi:-

iilliiii»i 
ii|i::l;|ilii:ii:3io:; 
|:iii::iliilii::i:|90l 

^giAA^iOi 
i i i i i i l i : i i i i i l i70l 

WAMAMB 
i i i i i l i i i ^ i i 
i i i i i i i i i i i i i 
iiliiiiPiiiiisii^ 
i:iiiiiiii:?:iiii 
i i : i i i^ i i i i :365l 

ili!;;iii:iii3bi:^ 
lii:iiiii::i-il̂ ii:2S5:;: 
i ^ | i i i i ; ; l i : iWi 
ili;^i|:ii;i:iii65i:: 
iii^liiiiilllliil 
:iillii^':iiiiii:iiii 
i i l i i i i i i i l i l i i 

19 
NS 
11 
22 
NS 
NS 
NS 
NS 
NS 
NS 

-,.-̂ NS•:: 
Am'i-'i"''''HS> 

3 
NS 
NS 
NS 
NS 
NS 
NS 

iliii;iii;:iiii;:i22bi 

; | i : i i i i | ^ i 
l i i i i i i i i i i iS i 
i i l i i l i i i i i 
i i i i i i i i i i i i 

DCE(ppb) 
'KtmAAAAiyiA: 
iiiiiii::iiiil;;!̂ :̂1:1-̂ 5,: 
ii;iii:;lii:i-;i:::i:5i5;; 
iii:ii:lilii::ii;i6l 
iiiiii;i;;iii|::iilliii:: 
iilliiiii;ii24i:-
i i i i i i i i ^ ; ; 
iiiiiii:iii|26j-.:^ 
iii;ii: î:.i:ii;^ î:34:'i 
i i l i i i | : i : : te i 
i |: i i i i i i ; i i24:5i 

i i i i i i i i?!:! : : : 
i:iiill;iii-:i:6i5i 

i lPi i i i i i i i^ i i 
i i i i i i l i l l l^giS::: 
iiiiliiiil|-::36::: 
ii::iiiii::i;:i36:i 
i i i : : i i i i i l i i j ; 5 i 
l i i i i i i i i i : : 
iiiiiiliiiiiii^i^ 
iiii:i|:il:;:;::i9;|i:. 

10 
NS 

6 
12 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

1 
NS 
NS 
NS 
NS 
NS 
NS 

: i i i l i i i i l i i i l i : : 
IIJIIIH 
i i i i i i i i i i i i i l l i l l 
iiiliiiili 
i i i i i i i i i i p i : 

D - 2 



MONITORING WELL HISTORICAL DATA 
WELL 
MWOi 
MWOiB 
MWOiB 
MWOIB 
MWOIB 
MWOiBi 
MWOIB 
MWOIB 
MWOiB 
MWOiB 
MWOIB 
MWOIB 
MWOIB 
MWOiB 
MWOiB i 
MWOiB 
MWOiB/ 
MWOIB ; 
MWOIB 
MWOIB 
MWOlBl l 
MWOIB: ; 
MW03 
MW03 
MW03 
MW03 
MW03 
MW03 
MW03 
MW03 
MW03 
MW03 : 
MW03 ;; 
MW03 
MW03 
MW03 
MW03 
MW03 
MW03 
MW03 
MW03 
MW03 
MW03 
MW04 

MW04 

DATE 
07/10/86 
10/15/87 
11/17/87 
12/09/87 
01/21/88 
02/17/88 
03/16/88 
04/27/88 
05/26/88 
06/27/88 
07/26/88 

: 08/29/88 
09/28/88 

110/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 

/06/26/89: 
/07/27/89 
08/31/89 

i b9/28/89 
10/15/87 
11/17/87 
12/09/87 
01/21/88 
02/17/88 
03/16/88 
04/27/88 
05/26/88 
06/27/88 
07/26/88 
08/29/88 
09/28/88 
10/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
06/26/89 
07/27/89 
08/31/89 
09/28/89 
10/15/87 
11/17/87 

TCE(ppb) 
•i ::i:i:':i:i::i;;illi:3i8i: 
iil:i;liiii::;i--::M6:i-
i:iii'li:;iii::iiil;i^p:; 
iiiiii::::;-:::":'iiiiiii96ii 
|i:iiiiiii:ii-:::iiii96i 
ii:iiiiii:i-i;iiii:i2bi:^ 
ii:i:iii|lii:ii:::-^34b:i: 
iii:i:ii'i:;:i-̂ '̂i:iiii:566̂ i 

ii;i::;:;;;-:-:::::|:420:--
:iii:;:i:':.;-':i:ii:iii76Qi:: 
iiiii::ii::;:.i:.:.-.-:iiii::44P':; 
::;::'::i-:ii::i:i:i:::i:;::::i:440:i: 

/:|:|:iii:;;::77;: 
:.::i'iii:30:;:: 

i'ii:iii:il:iiiii;i::3id-i^ 
iiiii:i;:i;:iiil:'^^^i:|2p.;. 

ii:iii::iii::iiliiiiiS|i 
^•i:î ;;i:i:i:ii:i::i:ii|4ii 
i|::i:iiiiiiiiii:i:i1ii:0bi:-
ii-:ii|iiii|:i:l586i:: 
i;ii- îî iiiiiiiii:̂ 7i6i:: 
iiiili:i^^i:il:iii:85Pi:; 

2400 
3400 
2500 
1800 
4100 
1600 
2800 
5200 
3300 

; 3100; 
/ ; / / 2500 

8000 
2600 
1300 
5400 
2900 
5000 
6000 
6200 
7800 
5000 

^AAVAIMi 
: : : y ; : : : x : x : : : : - : :•^^^•;••>^:::•:•: :o•^•:•: : ;^••>i•:•:• 

:.:.-.:;;;:;:;::;;-:;:::1:.6:;:: 

DCE(ppb) 
<i.:;.;:i::;::iii-
:i::ii-iiii::::'.''i;i:i:'27:? 
iiii:li-:iii^'^^'::iiiii'i28i-
i::ii:?:i:ii;l:iiii-ii:i:32:;^ 
iiii-^i:iiiiii^'^;iiii:44:i 
iiisi:::i.iii-;ilii:i^;47::::: 
.: f:/|,/;^:/:| .-.,.••-:::::::::44;:-

:ii;iii|ii;:iiii-:'--|52|:. 
ii;:::ii;::i:i::-;;i:-:.̂ ':47.:::: 
:::--;'iii-""i;:i:î i:ii:::;67::-
:;::;;.:'•'i;i;i:i:i:;;iii72i:-

i :::::l20i: 
iii:i:iiiiii:iii::ii-ii|3i::/ 
:::?-;::ii;::..i:i:;;;::i:i:;::4l.;; 
::iii--:iiiii'-^ii:^:'ii|8bi--
ii:i::i:|ii:;i;:::-::î i:.:.:yi:4p::; 
:;iiiiii:;iiii:--ii:2bp:i 
:ii:lii:ii:iliii;:::i:i:336i;-
i;-::iiii:iiiiiil:iii|pl 
:iilii:iii:iliiiii:::29Pi:; 
i:i:iiiiiiiiiii:25pi^ 
iiiiii::iiii:':ii:iiil46i: 

2802.1 
2300 
2700 
1300 
4200 
2000 
6600 
5300 
6800 
51 OOi 
5100 

61 
5500 
490 

8100 
2800 
3800 
4600 
5000 
4800 
3700 

iiiiii;:iii:i-:;ii:ii2r3i:: 
'.::.-:^:ymym-y:y:mmmmy^:î :m 
\ y A : m \ m A m A m O ^ : m 
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MONITORING WELL HISTORICAL DATA 
WELL 
MWOi 
MW04 
MW04 
MW04 
MW04 
MW04 
MW04 
MW04 
MW04 
MW04: 
MW04;; 
MWb4 / I 
M W 0 4 i 

MWb4 
MW04 
MW04 
MW04 
M W 0 4 

MW04 1 
M W 0 4 

MW05 
MW05 
MW05 
MW05 
MW05 
MW05 
MW05 
MW05 
MW05 
MW05 
MW05 
MW05 
MW05 V 
MW05 
MW05 
MW05 
MW05 
MW05 
MW05 
MW05 
MW05 
MWP6 
MWP6 1 
MWP6; ; 

Mvvoei 

DATE 
07/10/86 
12/09/87 
01/21/88 
02/17/88 
03/16/88 
04/27/88 
05/26/88 
06/27/88 
07/26/88 
08/29/88 
09/28/88 

i 10/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
06/26/89 
P7/27/89 
P8/31/89 
09/28/89 
10/15/87 
11/17/87 
12/09/87 
01/21/88 
02/17/88 
03/16/88 
04/27/88 
05/26/88 
06/27/88 
07/26/88 
08/29/88 
09/28/88 
10/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
06/26/89 
07/27/89 
08/31/89 
09/28/89 
10/15/87 
11/17/87i 
i12/69/87 
01/21/88 

TCE(ppb) 
iiii"-^':^---::;:;:||-:::3:8: 
i l i i i ; • • • , - - . ; i : i i ^ : . 
:--;ii/:.i;.-:: .'•|?-!Pi 
:-;i:'i-iiii'i^-:::iiii:::i'ti:: 

i-;-:--':̂ îii;;:--:;'.'-'̂ îiî :̂2i: 
::::;;::::::::;:;i;::;,::;:,;;|:::::i;4 :̂:.: 

iiA...:M: 
iiiii.-::::iiiill'.-':1'li:: 

'i:-:iiii::i-82-i 
--i-:-''iiiiii::i:ii-i2Pp;:; 
i?:̂ i:/̂ i--;iii:ii:i:::::t̂ 6i: 
;iii:iii::lii:iiiiippi 
--i^-iii:iil:;iili:iii6i-
iii-i:iiiiiiiiii-i:366;:: 
ii;"i;::-'.i:;;ii:ii-i:'36--
:i:i i i:.^'i ' ' i i i i: i: i: i4i;^': 
iiiiiiii :;i--:-:i---:-;iii::pi; 
::iiii:iii:i:i:ii;ii-i-i|:i 
^•^•'AAAAmi 
AAAmiyAiM. 

260 
1200 
1900 
4800 
3200 
3100 
2200 
9000 
4500 
6500 
8200 
4200 

1 4700 
1500 
760 

7500 
4600 
5600 

11000 
4400 
7300 

li;---^^:ili:;:l^--ii:iiii; 
i i i i ; :---i iiiiiiiiiiiii: 
^i;i:;;;i;ii;iii:iii||ii: 
î li:i'̂ -:̂ :̂:ii:::::illi:ii::::;i;i': 

D C E ( p p b ) 

<i:::::::i.''̂ |̂:::i--:--:il--' 
. i i i i : - - ' " l i i ..•:̂ --i-i9i 
^••i. i i i | : ' i i i ;^i3^ 

i:.' iiiiii;-:;. 
<iiiiiii.::'i:;:i:'-iii:-:'''-̂ i-̂  
::-:::iiii:i:ii:i:iii-̂ -̂ ii:ii:i4ii-
-;'i.iiiiilii-iiM:-
^liiiiiiiii ' i i i -
iiiiiii-iiiiii. •''iii-ii:ii^ii• 
iiii::i:-i-•'••iii;iiii;:-:•ii::.: 
ii:iî iii:;::•'- l̂iiiiii•^b;i-
iiiii:i;i--i:i:i;iiiii:iiiî i-^-! 
::iiiiiii:iiii:i:: îiii::i'6^-i 
ii'^-iiiii;'iiiiiiiii^iii^ii 
:iiiiii:-iii:i*'iiiiiii;iii!iii: 
iî iili'̂ î .^-: ii:i-'iiii4'; 
•̂ ii:iii:̂ ::i-iiiii:iiiiiii:̂ -̂ :̂ 
^iiiiiiiiiiiiiiiii:iiiiii:lii: 
liiiii;iiiiiiiiiiiiiii 

6700 
7025 
9016 
4113 
6914 
6200 
2211 
1700 
229 

3300 
5500 
4200: 
5400; 
4000 
8000 
3400 
5000 
3600 
1100 
1700 
1800 

<ii:::.:---
iii:i:iii:ii:iii:ii:iiiii:iNl̂ -̂;-
^iiiiiiiiiiiiiiiiiliiii; 
liii;iiiiiiiiiiiii:iiii 
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MONITORING WELL HISTORICAL DATA 
WELL 
MW01 
MW06 
MWP6 i 
MWP6 
MW06I 1 
MW06i 
MW06 
MW06 
MW06i 
MWP6; 
MW06 
MW06 
MW06 ' i i 
MW06 ; 
MW06iii : 
MW06l / i 
MWb6 : i 
•MW06l:ii::::: 
MW09 
MW09 
MW09 
MW09 
MW09 
MW09 
MW09 
MW09 
MW09 
MW09 
MW09 
MW09 
MW09 
MW09 
MW09; 
MW09 
'MWtoiiiiii:: 
^MWiOi:::iiiiii:: 

WmMim: 
.MWl:Q:::i:iii::' 
MWlOiiii*:;̂ : 
'i^Vi^iiiiiii 
MWi:Oi::::ii::i:i 
fMii^AiAi 
MWi'Oiii:i:i 
P*lb:ii:iiii 
iUliA/trt:-:::-::-::-::::-::: 

DATE 
07/10/86 
02/17/88 
03/16/88 
04/27/88 
05/26/88: 
06/27/88 
07/26/88 
08/29/88 i 
09/28/88 
10/24/88 
12/28/88; 
02/16/89 

;04/25/89i 
05/30/89 
06/26/89: 
07/27/89 
08/31/89 

i09/28/89 
03/16/88 
04/27/88 
05/26/88 
06/27/88 
07/26/88 
08/29/88 
09/28/88 
10/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
06/26/89 
07/27/89 
08/31/89 
09/28/89 
P7/1P/86; 
69/15/86:: 
10/20/86 
10/28/86 
11/03/86 
11/12/86 
11/20/86 
12/04/86 
12/11/86: 
12/17/86 
.10/00/Oft 

TCE(ppb) 

-liiiii:;'":̂  
<1:i::ii:::::-: 
<1i:li|:i 
<lii::::;::.-.-:-

il:i:ii:i-
<li:ii:iiii 
<1liii::l: 

- . A : ;••--. -. 

<1iil;-:•::: 
<1ii|:::s:;̂  
<iiiiii:ii 
<1iii:iiii 

: ; . : . - : - • - . : . : . . . • . - . : . : : ; : ; 

i:i;;;-::;3.8:: 

:-.;i;iiiiiNSl 
i:iiii:NS::: 
|i:i:ii:NS:i 
ii::-;:liiii::ii; 

:i::i:iii:i|:'::i:::' 
:ii;iiiiNS-;:; 
iiiiiiiiiilSi:^ 
::|:;i:::i:iii1ii 
ii:;;-i'-;:;:Hii 
i::iiii::i;-::-:1ii:' 
;:::;i:ii::ii:iii2'i 

20 
NS 
NS 
NS 
NS 
30 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

: NS; 
NS 

A A i i m i 
y. : :Am 
m-mymM: 

iiii;iii:i2:8i: 

i--:-i::iiiNSi: 
iiiii-liNS::̂ : 
;:;:;:;:;•::.:-:-:::: M e : ; 
:;:;:;:::;:;:;::::; NO:;: 

DCE(ppb) 
<1:;-:::::i:|-
<i;̂ -;:-::i:iii 
•<i-i;-:;i:-: 
!<tiiii:::'-i; 
<Ti:ii::::::::: 

< | . . : • : ; / : , . 

t̂i::::;::-:;:;: 
<i:s:i:;;i; 
<iii:i:iil:: 

<1'iiiili 
<i:i::.::i::l 
<tiii:;-i:: 
<i:::;:|:;:-;::: 
<i:li:iiiii 
<1 

<1 

• 

<1i ' 
<1 :.:; ;.̂  
<1 
< 1 ; : -• 

< 1 ; :••:--

<1:̂  A.. 
< l :::'• •.:--. 

i:i:i:::-;NS -̂; 
:̂ îi-̂  .;:î 's: 
::;::'I::NSI 

.l;^iiliNS:i 

NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS; 
NS 
NS 

:iiî :̂iiiNSi:-

i:iiii::i::::ii:::::::: 
:|:: ::NS-; 

:;|:::;::::::::;:;Ns::: 
iii:i;i::-Ns;? 
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MONITORING WELL HISTORICAL DATA 
WELL 
MWOI 
MW10 
MW10 
MW10 
MW10 
Mwio 
MW10 1 
MWiO 
MW10 i 
MWIO i 
MWibii 1 
M w i b i i : 
MWi'6i-i:i'ii 
MWlOiiiii 
Mvi/ib i i i 
MWio: 
MWlOi 
Mw ib i ; 
MWlb ; 
MWIO : 
MWiO-:l:/̂ -i 
Mw ip l l : 
MWIO 
MWlb 
MWIO i 
MWio 
MWIO 
MWIO 1 
MWip i 
MWip i 
Mwib /:; 
MWloiiiii 
'MWtp;;:::;ii 
MWIP 
MWloi 
MWIO 
MWIP 
MWip-
i M x t y m 
MWi6; i 
M W I P I ; 
Mwip i l 
MWlPlii : 
MWIP 
MWlpi 

DATE 
07/10/86 
12/30/86 
01/07/87 
01/22/87 
01/29/87 
02/12/87 
02/i8/87i 

:02/26/87 
: 03/05/87 
03/12/87 
63/20/87 
63/^/87/ 
04/63/87 
P4/P9/87 
64/16/871 
iP4/23/87 
P4/36/87 

; 65/06/87 
pi/l!/87 
P5^1/87 

163/28/87 
66/P4/87 
06/18/87 
66/25/87 
P7/62/87 
07/09/87 
67/16/87 
07/23/87 
08/20/87 
:08/27/87 
69/P3/87 
66/17/87 
66/28/87 

i^ 6/15/87 
11/17/87 
12/09/87 
01/21/88 
62/17/88 
03/16/88; 
04/27/88 
05/26/88 
06/27/88 
07/26/88 
08/29/88 
09/28/88 

TCE(ppb) 
iiii::::i:-i;-::-;":i:ii:i:;3.'8:; 
;-iiiiiiii:::::i':.iiiii:'I^S^--
:iii-"'- î|:i:i:i:-;iiî :I^Sii 
ii^l;i: .^"iiiiiiiiiiNSii• 
;;;•'s^-li;|:/i:ii:::iii•Nsî : 
ii:'i'"li:l::;iiiii'Kisl 
ii:ii:̂ l-.-:::iiiiiiiii;l.ili:ii 
.'i''iiii:i::iii'̂ -lii::Nî i 
ii:::iiiiiiiii::ii:iî S::: 
-?i;:ii:iiiiiiiiii::iiiip'' 
;:i::-:iii^:iiiiiii:i:iiiiiSi:: 
"<:iiiiiii:ii:iiiiiiiiiiiiii 
iiiiiiiiiiiiiiiiisii: 
iii:i::ii::̂ ^̂ ^̂ l̂iiiiiiiiiiiisii 
iiiiiiiiiiiiii-:--liiiii^Si^ 
i':iiiiii:lii::i;ii-iiiill 
i;iiii-:i:-:i';iiiiiilNSii: 
iiiiiiii.; i--:i:iiiiiiiNSi' 

iiiiiiiiiiNi;:: 
:ii::-i--liiiiiiiiiiiî -̂ :Nlii: 
iiiiii::.^-i:-iiiiiiiiiiiii;NSi:: 
iiiii:i:i:i::iiiiiiiiiiiii^'^i 
iiiiiiiiiii:-i;::iiiiiiiiilii; 
iiiii:iiii-iiiiii;iiis;:: 

iAiiAi'^Mi 
.•;-iii::̂ :- '̂*i::::.;-i-ii:il̂ S;:: 
:i:ii;i:::-^:i'.-^-ii:iiii:NS:i 
iiiii;^-^i-iii;i::i:il:N.S:i: 
<lii:iii;:--:/ii:iiiiiiiiii::i-
:iiiiiiiiiii:iiiiiii||ii-
ii::iiiiiiiiiiiiiiii'ii 
i|;i:^liiil:i:::iiiliii 
i^iiiiiiiiiiiiiiiiii 
^^ : lg f^p:^ ,mmi§: 
iiiiiii:iiiiiiiiiiiiil^iii-

• -"i;iiiiii^:i^^Wiii 
l-li;;ii';ii:;iiiiii-^NS;: 

•i:i:-^i:ii;ii;NSi^' 
iiiiiii:ii;;-ii iiiiiiii! 
<:iiiiiiiiiii:-i;i;iiiii:iiiii 
ii::-iiliiiiiiiiiiiii:-: 
:i|;î iiiiiiii;:i.i;::i:iiili 
i:;ii;:ii;iiiiiiiiiiiiil-^ 
iiiiiii:i;iiiii::::::-iii:Nli: 
-ii:iiiiii;i;i:;i:i:;:-:;-:-Nii^ 

DCE(ppb) 
•<:i:;:;:;;ii/::-;:;-:^::-;;; 
iiiiii-'iiiiii':'-:i;"'NS:-^ 
iiiiiii:-i---:-Ni; 
:;:il:ii.i-;iii:iii-:"ilsi 
iii:-̂ --̂ :̂ iii::i:iii;:i:i"ilNS;: 
ii:i^::;.iiiii::i'iifii-NSi: 
-:iii:iiiiii:;;::-:-^-iii:iNS'-
:i:i:i:liii;iilil:-'.;::il^'S;; 
iiii:i"iiilii:i .-:̂ ;̂ f*JSi:̂  
:i:l'lii::iiiiiiiiii::^NSi: 
i:iiiii-::;-iiii:i::.iî 'iiii:-̂ l̂ ii: 
^i:iiiliiii;iiii:'''iiiiii 
:liiiiiiiiiiiiiiii|ii^-Si::: 
ii:::iiiiii;iiii::-iii;iiif̂ iii 
;:i:::i::;iiii'<ii-iiii^i^'i';: 
iiiiiiii^:iii;ii:iiii^i^s:;' 
;iiiiiiiii;i;:iii:iii:i^:si:: 
i:iiiiiiiiiiî liiiiiiiili:̂ î  
:|iiiiliiiiiiiiiiiiliii; 
iiiiiiiiiiiiiiiiiii^N^ii 
:i::iiiiiiiiiiiiiiiiiiil 
iiiiiiiiiiiiiiiiiiiiiNli;: 
iii:iii:iiiiiiliiiii:li^j^ti' 
:iiii:iiiiiiiiî ;̂ *ii-'-̂ ^ -̂Nl-i 
i'|:iiiiiiii:iiiii^':'NSi: 
-:. "iii"iiiiî •iiii:i•-'̂ •NSi•• 
i ; • : • i ' ' • i i : | |N.s i ; 
iiiiiiiî iiiiii-;;:: •^-l•:Nli• 
<|iiiiiiiiiiiii;•;i:ii:;^•ii::::• 
iiiiiiiiiiiiiii::^••i:;riJli; 
ii:iiii:iii^-''iiii '̂;i^ii 
liiiii:iiiiiii:iiiiiii 
yiiiiiiiiiiiiiiiii:iiii 
<«:liii;iiiiiiiliiiiiiiiiii:ii 
ii.::ii:iii^l|iilii;i:Nli^ 
i:i":iiiiiliiiii-^"'̂ iiNSi:;-
:iii:iiiiiiili:i-:. .:|:N^ii 
ii:iii:iil::;iiiiii:iiiilii-
iiiiii:iii;iiiiiii*ii|iii: 
illiiiiii:::i::ii;:i:::;.i::ii::iiiî  
iiiiiii- îiiii-iiiiiiiiiiiii: 
iiiii|iiiiii-:lii;::i;-:i::̂ iii:̂  
ii::i:::Siiiiii;iiii:i:;:i;IIii 
liiiiiiiiiiiiiii/ii'-Wsî  
•iiii:::iii;;;;;:i;i:i;^;NSi: 
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MONITORING WELL HISTORICAL DATA 
WELL 
MWOI 
MWiO i 
MWIO 
MWip 
MWIO 
MWIO 
MWio i 
MWIO 
MWIO 
MWIO 
MWll 
MWii 
MWii 
MWii 
MWii 
MWii 
MWii 
MWii 
MW11 
MWii 
MWii 
MWii 
MWii 
MWii 
MWii 
MWii 
MWii 
W,Wl'2'iiiiii:ii:-

m&ziA-
iyw|l|ii:iii:ii: 
'MN$mAi 
^Mwiiiiiiiii 
:M;2ii:i:|:^i 

'M|ii:ii::i 
M^iMm 
W i t A l i 
fMz i iA 
imMi'ii 
^Miî A''̂ ^ 
'Mwiiiiiiii::;/ 
MV l̂-2:;:iiii:iiii 
•fc'2:iiiiiiiil 
iiiWii-iiiiiiii: 

M^2i;iiii: 
MW^'|li-ii:i: 

DATE 
07/10/861 
iO/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
06/26/89 
07/27/89 
08/31/89 
69/28/89 
02/17/88 
03/16/88 
04/27/88 
05/26/88 
06/27/88 
07/26/88 
08/29/88 
09/28/88 
10/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
06/26/89 
07/27/89 
08/31/89 
09/28/89 
07/10/86 
09/15/86 
16/20/86 

i 10/28/86 
-1̂ 1/63/86 

; i i / i2 /86 i 
11/20/86 
12/64/86 
12/11/86 
12/17/86 
12/23/86 
12/30/86 
01/07/87 
01/22/87 
6i/29/87 

i02/1^87i 
02/18/87 
62/26/871 

TCE(ppb) 
::":-'::i;il3.8:: 

i:ii^^iiiii::ii:::^::iiiiii5;i 
<fii:|iiii:;:;::;i:';i;::i:i;;i; 
iiiii:ii;^::iiii:iii:'iiNSi:; 
iiiiiiii i-i-" •iiiiiiiiiiNS:i:-
••'iiiiiiiiiiiiiiiiiii-I^Si; 
<i"iiiiiiiiiii^iiiiii:i;iii-
iii/:;,::.::;ii:iii:'i'NS:: 
••;iii:ii:i:iii:i'-|ii:i:-;NSii: 
iiiiiiii^:l;i;::ii^iis-: 

23 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

;-iiiiiiiiiiiii:ii:-̂ iiiiiii9 -̂' 
<i;iiiii:iiiii'; •!;!;;;;;;;;;;; 
;«c|iiiiii;ii:;:ii:;;iiiiiiiiii:;; 
<liiiiiiii!ii!i5iiii:iii::ii 
<li:iiii:iii;:ii:iiiiiiiiiiil: 
i<i|iiiiiiii;|iiiiiii 
p'i;!ii;;iiiiii-:liiiiiiiiii; 
iiii;;iiiiiii:l-i:i^^^-iiiii:i 
:iiii:î i:i"-":;;-:-:;i::iNS:i 
•lii:i:i;:;:-:-'̂ '̂ 'î :̂li'i::N-S:;: 
:liiiiiiii:ii;;::-iiiiiiNS^ :̂ 
i:i:ii:i:iiiiî ;̂ ^̂ '̂ilii:|̂ S;:' 

.-::.: :'::-ri|:-i 
iiiiî :i:i::iiiiiiiiî :î N|:; 
iiiiii-:-:̂ iiiiiiiiiiiî -î î ii: 
iii::iiii^i:iiiiiiiiiliNiii 
iiii:iiiiliiiiiiiiii;^^'N^ii 
:iiiiiiiii-ii;:::iiil̂ :^:î ii: 

DCE(ppb) 

<1"-i:ii:l 

<ii- î:iii: 

i<liiiii :i 

<1 

îii::::iiii:-
<ii;:iiii 
iiiiiiiii!: 
Piiiiii::; 
Mill 
Pi:iiiii;i 
i«^i;i::iii 

'9iA 
i : • : : : : : : : : : • • - . : • 

iiiiiiiiil 

NS 

NS 
NS 
NS; 

NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 

;NS 
N6 
NS 
NS 
;NS 

'-:-:iN6i 
i ' i--:-;NS • 
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MONITORING WELL HISTORICAL DATA 
WELL 
MWOi ; 
MWi2 
MWi2 
MWi2 1 
MWi2 
MW12; 
MWi2 
MWi2 
MWi2 
MW12 
MW12 
MWi2 
MWi2: : 
MWi2 
MWi2 : 
MWi2 
MWi2l 
MWi2 i 1 
MWi2 i 
Mwi2 ; 
MWi2i:; 
MWl2 1 
MW12 
MW12 
MW12 
MWi2 
MWi2 
MW12 
MWi2 
MW12 
MW12 
imW Ai 
MW12 
MW12 
MVV12 
M W 1 2 : 
MWl2i i 
MW12I 
MW12; /; 
MW12-:-'--̂ '̂ 
MWl2i 
MWi2 
MW12 
MWi2 
MW12 

DATE 
07/10/86 
03/05/87 
03/12/87 
03/20/87 
03/25/87 
04/03/87 
04/09/87 
04/16/87 
04/23/87 
04/30/87 
05/06/87 
05/14/87 
05/21/87 
05/28/87 
06/04/87 
06/18/87 
06/25/87 
P7/P2/87 
P7/P9/87 
P7/16/87 
07/23/87 

iP8/20/87 
08/27/87 
69/03/87 
09/17/87 
09/28/87 
10/15/87 
11/17/87 
12/09/87 
01/21/88 
02/17/88 
P3/16/88 
04 /27 /88 ; 
05/26^88 
66/27/88; 
07/26/88 
08/29/88 
09/28/88 
10/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
06/26/89 
07/27/89 

TCE(ppb) 
;::;:::-:::;::::::l:i::|i-̂ ;̂;:i:3'i8̂ ; 

:'i^-^l::ii:iiii:;-;iNSi:: 
iiiii:i;-'-"'iiiiii;iNS:;-
-liii:iiiii:ii:iiiiiiiilNSi:: 
«C1^:^ ;:;:;::-:: 

iliiiiiiiiiliiii:ii-NSi; 
ii:::::-::-;liiiiiiii;;:iiiiNS:i 
'i:ii:::^ili':;;:i:ii:ilNSi:' 
^•i^liiiiili-:iiiii:ii:iiNi:i^ 
i:i:i:::;iliiiii:iiiil:iNS^''-
i:iiiiii;:::::::i-- :̂i:iiii:;i:iilii: 
-iiiiiiiiiiiii. î 'l;ii::i::;î s 
-iii:iiii:ii:iiiiiliiiiN.S.: 

:;:;:::.:-:-Mc:::-
-.-::..-.[M©:::;-

i:iiiiiiiiiii-^i:iiiii:i^sii' 
-:iliiiiiiiiil:ii-::ii:iilii 
iî :̂l::̂ ;̂ii::::::iiiii::::i::NS::i 
ii:i;:::-::iiiliiiiiii:i:NSi:^ 
iiiiii:iii:::liiii:i:i::iiii^i; 
i:iiii:i:i::ii:iii;:;:::i:ii:'NS;̂  
ii;iiiiiiii:iil:*:ii:iilil 
<1iiiiiiiiiiil:;:i:ii::::i:::; 
y^^mmmAmuS i 
:iii-iii:i:ii;;:ii|iiN'S^i: 
iii;;::::ii-;"^--liiiiiN.S::^ 
:i::ii.i::i--il-i:il:i:i:::NS--
<<ii:i;;::;i;"i;:iiiiii:i;:-;-

.:-:..-" iiN'S^ î 
ii:i:i-:ii;liliiii:NS:;^ 

:i:::::ii::iii:;:";i;;i:iii:::NS-f 
•|iiii:iii:;----::;i:iiiiiNSi-
i:ii:iiiiiiiii|:-iiiiiiiitJSii-
i<tii|i:ii::;;::;:::il:ii:i:iil^ 
iy^mmimimi 
:iiiiî ^^ îi:l:iii:ii::l'NS:i:: 
iiiiii.:iiiiiiiiiiiii:l:NSi:: 
i:i:i:i:i::*:::;:;:i:::::;i:;.:î :i 
iiiiiiii^i-:ii::iiiii:ilf^li:^ 
•:;ii:i::iiiliiiii:ii::iiii^ii: 
:̂iiiiii:i::;ii:;:i:i:iiii:i:N'S:ii 

:i;:iiii::ii:ii:i iilNS::; 
;iliiiii;:ili:i;ii::::NSi: 
:;;ii:iiii;iii'iiiiiiiiiNSi:: 
•immiAAiAiyA 
i:;ii;ii:iii:l:;.-iiiii:NS:^i 

DCE(ppb) 
<i:::;;:̂ ^ 
i:::i:ii---̂ :̂ l̂ii:.-:-.:̂ -iii:::NS;î  
iiiiiiii; - i-iiii::::i:iiNS:i-

•iiiiiiiii ':iiiiiiiiiii^:i:: 
<iiiiiiiiiiiiiiiiliiiiii' 
::i:liii-:i:i|iiliiii-NS-: 
ii/S::i:iil:i:i;-::iiiNs:î  
liiiiii:iiî îi-iiiiNS-^ :̂ 
i:i-;;iiiî 'i'i:is:i:ii:i::NS:i-
ii:i;|:iii::::::;i:;;:;- :̂̂ :̂-NS-: 
;i::i:;::.:.iiii:;;;iii-::-;NS::i 
:i-.::-':ii::i:;.:"l::;i:.:i NS:: 
iiiii-:-':|iJ:;iiiiii:;-"NSi; 

:;;:::::::::::-:::::::;:;::::-: Ki«i""-: -:-:-: . - t l %>::::: 

ii;iliiiiili:ii:i;i:iii'S;i 
î *iiiiî : NS:.̂ ^ 

|i::i:i:;i:iii:i|:i^:-ii::N$^^-
iiili:i:i:li:is'ii:::;::ii:NS:;: 
i::ii:i;iii::î :::i:;;i::iiiNS::;: 
::::iiili::iiiipiiiiiiN'iii 

•|iii::-:i:NS:̂ :-
ii:i:iiiiiilii;::i;ii;::-;;ii: 
':':li:ii:iii;î :::*::ii::::";î S:f̂  
iii.'.--iiiiii.iiiiiiiiiiiî î Nsi: 
;ii:;:-;:::iii:::|ii:i:iiNS".-; 

iiiiiiiiii:ii:iiiiii:liiN$/ 
<|;:-:--i:iii:'.:::iii:i:::::::i|:iiiî :-
i:ii:i;-:;i;::::::-iiii'iiiNS:i 
ii:;;iii:;:i:;iliiiiili:iii^l^S' 

iA im^ 
iAA im i 

iiiiiii;ili-:-i:ii;NSii^ 
<1::::::":;:i::;::;i::;::::̂ :i:i;l;ii;;i; 

::::-:::::iNS:̂ --
::::;iiN'S;': 

i-iiiii:liii|::ii:i:;;iiNS;:' 
::;:::i:::;:-:|:ii:-:-i: -;:;-i^S:i: 
:li:::i:::;:::iii;-;.ii::::̂ :̂ 'NSi:: 
-iliiiii:iilii:iiiiii^i'N^ii: 
i:iiiii;l;::i:i::liiilNSI 
i;^:::i:;i:iiil;;::l ilNSi^-

iii:iiii::::N'S:: 
i-;:;;iiii:iiii;liiiiN:s.;-
i<liiiil:;ii::i:|:ii:i:-::;iiiii^ 
:i:"?:':ii:::i;"-":ii":-i:ii'NSl 
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MONITORING WELL HISTORICAL DATA 
WELL 
MWOi 
MWi2 : 
MWi2 
MWi3 
MWi3 
MWi3 
MW13 
MW13 
MWi3 
MWi3 
MWi3 
MW13 
MWi3 
MWi3 
MW13 
MW13 
MW13 
MW13 
MWi3 
MWi3 
MW13 
MWi3 
MW13 
MWi3 
MWi3 
MW13 
MWi3 
MW13 
MWi3 
MWi3 
MW13 
MWi3? 
MW13 
MWi3 
MWi3 
MW13 
MWi3 
MWi3 
MWi3 
MW13 
MWi3 
MW13 
MW13 
MWi3 
MWi3 

DATE 
P7/iP/86 
08/31/89i 
09/28/89 
07/10/86 
09/15/86 
10/20/86 
10/28/86 
11/03/86 
11/12/86 
11/20/86 
12/04/86 
12/11/86 
12/17/86 
12/23/86 
12/30/86 
01/07/87 
01/22/87 
01/29/87 
02/12/87 
02/18/87 
02/26/87 
03/05/87 
03/12/87 
03/20/87 
03/25/87 
04/03/87 
04/09/87 
04/16/87 
04/23/87 
04/30/87 
05/06/87 
05/14/87' 
05/21/87^ 
05/28/87 
06/04/87 
06/18/87 
06/25/87 
07/02/87 
07/09/87 
07/16/87 
07/23/87 
08/20/87 
08/27/87 
09/03/87 
09/17/87 

TCE(ppb) 
:i::--i^"-:iiiii::i::'-;|:-::;3;8--
iiii:iiiiiii:i:iî ii:;;:::î S:i; 
iiiiiiiii;i:;iii:iiiiNS"^'^' 
< i 

105 
120 
100 
110 
100 
110 
97 
92 

110 
120 
77 
98 

110 
120 
120 
130 
130 
140 
160 
140 
230 
160 
160 
160 
190 
195 
145 

•---;/-:- i . . . 140-,--
•:^^s:;-'"-.-21,0::^ 

190 
140 
210 
140 
180 
160 
59 

180 
160 
NS 
NS 
NS 

DCE(ppb) 
<i:i::'--.;:;i:.:^^-:'ii:ii:^" 
:::i':i-ii:ii-iiii-iiiiiN^ii' 
iii::i:::i;-ii:ii'i''-lii:i'iiisii 
<1 
< i 
<1 
< i 
<1 
<1 
< i 
<1 
< i 
<1 
<1 
< i 
<1 
<1 
<1 
< i 
< i 
<1 
<1 
< i 
<1 
< i 
< i 
< i 
< i 
<1 
< i 
< i 
< i 
< i -̂
< i 
< i 
< i 
<1 
< i 
< i 
< i 
<1 
< i 

NS 
NS 
NS 
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MONITORING WELL HISTORICAL DATA 
WELL 
Mwoiiiiii;:: 
MWi3 
MW13 
MW13 
MWi3 
MW13 
MW13 
MW13 
MWi3 
MWi3 
MW13 
MWi3 
MW13 
MWi3 
MW13 
MWi3 
MW13 
MWi3 
MW13 
MW13 
MWi3 
MW13 
MW13 
MW14 i 
MWi4 
MWi4 1 
MW14 
MWi4i 
MW14 i 
MW14: i 
MWi4:i:;:i 

*m*AA 
w m m iy 
mf iA iyA 
M W W A : : 

• - . • ••• •• . •• • • • " . 

MW14 i 
MW14 

MWI4 i 
• • . . • • . . • • • . • . . . 

MW14 
.MWl4:.:.,,i".i 
MWt4':-''ii-
MWi4 ; 
MWi4 

MWi:*::.;..:iî -
MW14 ; 

DATE 
07/10/86 
09/28/87 
10/15/87 
11/17/87 
12/09/87 
01/21/88 
02/17/88 
03/16/88 
04/27/88 
05/26/88 
06/27/88 
07/26/88 
08/29/88 
09/28/88 
10/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
06/26/89 
07/27/89 
08/31/89 
09/28/89 
67/10/86i 
69/15/86 
1P/2P/86 
10/28/86 i 
11/03/86 
11/12/86^ 
11/26/86 
12/04/86 

:..l;2/iii:/6i;: 
12/17/86 

iii:2/l3/i6 
12/36/86 
61/07/87 
6i/22/87 
6i/29/87 

02/1^87 
02/16/87; 

i02/26/87 
03/05/87 
03/12/87 

;P3/2P/87 
63/25/87 

T C E ( p p b ) 

3.8 
NS 
100 
200 
190 
210 
190 
120 
140 
160 
180 
140 
120 
100 
100 
130 
230 
180 
150 
200 
97 

120 
120 

iiiiiiiiiiiiii:ii;i:ii'̂ -^iiiN$ii 
l̂:;;i:iiiiiiiiiii:i:,;;-"'̂ -:iiiii 

M i::--̂ ^̂ -"î yiii;:-i:î -̂iii'-i 
i|iiiiiiii;:;;.;, '̂-':;:ii;;:i;;:-^ 
^i::;iiiiiiiii;i;iii*iii;:; 
iliii:i;l^-;^^i^iii:i:i;:iii:: 
i^iiiiiiiiiii^iiiiiiiiiiii; 
«ciiiiiiiii:iii:;iiiiii:iiii-
iiiii:liiiiiiiiii-N|ii 
iiiiiii;iiiiiiiiiii:iii:: 
i:'̂ ii"liiiiiiiiii:i:;iil'S:' 
iiii:i:iiiiiliiliiiiiNSi 
iiiiiiii:;: :::i;̂ i;̂ liiiNSii 
:̂::̂ iiiiiii;iiiiii;i:iiNSii 

iiiii-liiiii;':iii.-i:itjs^: 
iiiiiiii^iiiiiiiii;i;li:' 
iiiiiiiii:|:iiiiiiiiihi^:i: 
:iiiiiiiiiiî ;i-iiiiiii:l̂ si 
iiiiii:iiiiiiiiiiii:Ns:i^ 
iiii:iiiii:iiiliiiiiiiii^lii 
iiiiiiiiiiii-iiiiiiiit̂ i 
fiiiiii:iiiiiiiiiiiiî :ii'ii' 

DCE(ppb) 
<:i-:„,//:::: 

<1 
< i 
<i 
< i 
< i 
< i 
< i 
< i 
< i 
< i 
< i 
< i 
< i 
< i 
< i 
< i 
< i 

< i 
< i 

<iii-ii-̂ iii: 
*<iiiiiî -̂ '̂  
^liiiii:;; 
<iiii;iiii 
<iiiiii-ii;"i 
<iiii:iii-

'̂ Iiiiiil 

• : • : • : • : • : • . • : • : • ; • : • : • : • : • : • : • 

Iiiiiiii' 

'"""""""""NS"" 

1 
1 

i:|/|NSi: 

iiiiiiiillii 
iiiiiiiiiiii' 
iiiiiiiiiif îi 
'::iiiiiiiSii 
• i i - i |N| i : 
i::'i:i;iil̂ ii:-
ii;;i:iii;^i:^ 
iiii:iiii:Nl:-: 
iiiiiiii-Nii: 
iiiiiiiiiNli:" 
iiii:ii:r4si-
iiiiiiisi:' 
i:::iiiiiii-̂ ' 

D-10 



MONITORING WELL HISTORICAL DATA 
WELL 
MWOi 
MWi4 
MWi4 
MW14i 
MW14i 
MWiii 
MWi4; 
MW14 
MWi4 
MWi4 
MW14i 
MWi4i 
MWl4/ 
Mwi4 
MWl4i 
MWi4: 
MWi4 
m/w 
miiA 
Mi^i 
MWiii 
MWi4 
MWi4: 
MW14 
Mvyi4 

WMi 
Kiw îii 
MWiii 
MWi4i 
W P 
W&M 
W M M 
WMM 
^Mwii-ii 
:MPi 
WMi 
MVy-ili 

iwliii 
W§m 
MV^I i l i 

M B i 
Mwiiii: 
MW15 
MW15 

DATE 
07/10/86 
04/03/87 
04/09/87 
04/i6/67i 
04/23/|7i 
64/3P/87 
:65/0M 
osfiWm 
05/21/87 
p5/2|/87i 
66/61^17:: 
06/18/87 
06/25/87 
07/02/87 
bT/bi/ili 
07/16/87 
07/23/87: 
08/26/ili 
iP8/2Wi 
P9/plP 
omjim 
:P9/2i87 
10/15/11 
11/17/87; 

i1:2/P9/87 
6 l^ l /88 i 
02/17/88 
P3/ii/i6i 
P4/27/88 
05/26/88 
06/27/88 
07/26/88 
08/29/88 
09/28/88 
10/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
06/26/89 
07/27/89 
08/31/89 

ipMî : 
12/09/87 
01/21/88 

<li: 

TCE(ppb) 

• i l l 

<i::; 

<li: 

<1:;: 

13:8 
NS 

iii^s; 

iM. 
::il|i 
iiNŜ " 
:i|ii 
iM: 
M: 
iM 
IM 
iiii 
iisii 
mii 
iiii 
iNii 
i:wsi 
iiii: 
iiimii: 
:iiii 

NS 
i i i i : 
i i i i 
i'î li: 
:̂Niî  

INS; 
i-NSi 
iir̂ i* 
:iii: 
i i i i 
i i i i 

NS 
iiii 
iiii 

ii::i:i5::::::-NS:: 
iiiiii:iiiiiii 
i:i:iiiiiiiiili 
38000 

150000 

DCE(ppb) 
<1 

<ii: 

i<ii: 

<t::̂  

<1i: 

<li: 

NS 
iiiS::: 
iiKiii' 
iiî si: 
iiils:̂  
iiN:ii 
iii:: 
iNi-: 
iiNS::̂  
:iNii: 
:iisi: 
i isi 
i i i i : 
iiŝ ^ 
i i i : ' 
iiNSi 

NS 
i:i'ii 
i::î ii 
iiiii: 

NS 

iii'̂  
is 
iii; 
:::iii 
i:NS :̂: 
i i t : 
i:iii: 
:::ili 
iiŝ :̂  
iii-^ 

:NSi 
iii:̂  
iiii 

::iNSi^ 
iiiii 
iiiii 

66 
180 

D - i i 



MONITORING WELL HISTORICAL DATA 
WELL 
MWOi 
MWi5 
MWi5 
MW15 
MWi5 
MWi5 
MW15 
MWi5 
MWi5 
MWi5 
MW15 
MWi5 
MWi5 
MW15 
MW15 
MWi5 
MWi5 
MWi5 
MWie i i i 
MWi 6 i i 
'MWi-e;:;::;'!-; 
MWi6''''-"^i'i 
MWiei 
MWi 6 
MWi 6 
MWi 6 
MWi 6 
MW16 
MWi6; 
MWi6 l i 
MWl6 1 
MWI 9; 
MWI 9 
MWi 9 
MWi 9 
MWi 9 
MWi 9 
MW19 
MWi 9 
MWi 9 
MWi 9 
MWi 9 
MWi 9 
MWi 9 
MWi 9 

DATE 
07/10/86 
02/17/88 
03/16/88 
04/27/88 
05/26/88 
06/27/88 
07/26/88 
08/29/88 
09/28/88 
10/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
06/26/89 
07/27/89 
08/31/89 
09/28/89 

i6e/27/88 
07/26/88 
08/29/88: 

169/28/88 
10/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
66/26/89 
07/27/89 
68/31/86; 
69/28/66 
12/09/87 
01/21/88 
02/17/88 
03/16/88 
04/27/88 
05/26/88 
06/27/88 
07/26/88 
08/29/88 
09/28/88 
10/24/88 
12/28/88 
02/16/89 
04/25/89 

TCE(ppb) 
3.8 

120000 
59000 

940 
NS 
NS 

19000 
55000 
20000 

120000 
5900 

64000 
140000 

NS 
4000000 

NS 
NS 
NS 

<1::.;ii:iiiiiiiii;:iiiiiiiiii" 
iiiii::iiii'iiiiiiiiiii:iiiiii 
liiiiii:iii;i;:i:-iiiiiiiiii;;i: 
miiliiiim::ySli. 
'<ii^W§m'--'iA 
<iAimA'''''W: 
< l - i ' • ' • • : l ; : : : | 

.-•'•iiiiiiii;iis';i 
iiii::ii:i'"iiiiii:;::::Niii 
k|;i;:::;:i.:-:-iiiiiiiii-;ii:i-

siiiiis;:-
Iiiiiiiiiiiii •;--iiiiiii:^: 
ii":ii:iiiiiiiiiiis:..:i;|:iii: 

37000 
; ; i 19000-

17000 
2300 

19000 
13000 
17000 
14000 
7000 
5300 

10000 
1000 
1800 

47 

DCE(ppb) 
<1 

<1 

< i 

< i 

<1 

<1 

^li--:-| 
^lii-l:: 
<iilii 
""Sliiiiii: 
<1:-:i.:i;̂  
<ii-.iii 
<l:i:;.;-

i<l:ii-iî  

.-
< i 

180 

140 
NS 
NS 

65 
170 

37 

190 
NS 

NS 
NS 
NS 

iiiii- .::i.:;NSi-

i:iii"-i"ii::; 
::liii::iii;.:;::;!:i:i 

iiiiii-iiiiiiii-
iiiiiiiiiii;NS-i-
iiiiiiiiiiiiNiî -

55 

300 
730 
660 

2500 
1000 
3700 
7800 
6500 

12000 
3800 

13000 
240 

D - i 2 



MONITORING WELL HISTORICAL DATA 
WELL 
MWOi 
MWI 9 
MWi 9 
MWi 9 
MWi 9 
MWi 9 
MW^ilii i i" 
:i^W2f'liiiii:i 
MW2i;::'-iii''̂ îi 
Mwiiiiiiil:::' 
ip/2i:i;iii:^iii 
MVy2lii.iii;ii-
^i^wliiiii: 
^Mw l̂iiiiiiiii 
:Ml2ii i i l i 
KWiiii:ii: 
^MW îiiiiiiiii 
il2liii^|ii:iiiii 
'Mliliiiii; 
;MW2liii 
^MWiiiii::iii: 
MvNiliiiliiii 
:MW2̂ ii-:iiiî i 
^Mw2i:|liiiii: 
.Mw^ îii/i:;--' 
MW23 
MW23 
MW23 
MW23 
MW23 
MW23 
MW23 
MW23;; 
MW23 
MW23 
MW23 
MW23 
MW23 
MW23 
MW23 
MW23 
MW23 
MW23 
MW23 

DATE 
07/10/86 
05/30/89 
06/26/89 
07/27/89 
08/31/89 
09/28/89 
12/09/87 
01/21/88 
02/17/68 
03/16/88 
04/27/88 
05/26/88 
06/27/88 
i67/26/86i 
68/29/68 
P9/28/88 
l6/24/88 

: ii2/28/68 
6^16/89 

iP4/25/89i 
P5/30/89 
66/26/69; 
67/27/891 
08/31/89 
09/28/89 
12/09/87 
01/21/88 
02/17/88 
03/16/88 
04/27/88 
05/26/88 
06/27/88 
07/26/88 
08/29/88 
09/28/88 
10/24/88 
12/28/88 
02/16/89 
04/25/89 
05/30/89 
06/26/89 
07/27/89 
08/31/89 
09/28/89 

TCE(ppb) 
•;:.:;:-'i:iiiii|::3:8;' 

840 
560 
640 

18000 
2800 

i:::ii*''i-":l.:;"366P6':" 
iii:iiii::::iii'ii2PPPP:i. 
;ii'î -iiiiii;::::;:;ii:̂ 'i666l 
iii:ii'^-"iii:liii|i6i:: 
::-iliiiiii;iii:iiii8pi:^ 
iiiiiliiiiiiiiiiMii: 
;iiiiiiliii:ii:::ii6i66l 
iiiiiiiiiiii;iiiiiiiipii 
iiiiiiiiiliiilbppl 
i:iiiiii;:i:i:ii"iiii:W>ii: 
;iii:iiiiiii::ii:::i::ii66l 
iii.iiiiiiiiiiiii::::;:il66i5 
iiiiii:::i:i'iiiiiiiiî 66ii: 
iiiiiiiiiiiiiliiiiiiiiiii 
iiiiiiiiiiiiii;iiiiioii" 
iiiii::iiiiiiiiliii: 
iiiiiiiiiiiiiiiiii--'i|i6ii: 
-'i-î i:"î -iiiiiiiiii:-:3666ii: 
:i:iii.:i:ii|:||2ip6i-

72 
44 
30 
44 
3 

57 
40 
79 
56 
14 
46 
33 
36 
91 
82 
95 
58 
66 
83 

DCE(ppb) 

<1 

<tAi 
Wii 
Mm-

mmm^'i 

Illll 

<i 
< i 
<i 
< i 
< i 
< i 

< i 

26000 
17000 
12000 
14000 
23034 

••ii-i-i'-M 
ii::;̂ 'lit6PP;:i 
iiiiiiii-W:^' 
ii:::;ii::;660i 
iiiiiii66ii 
iiiiielbi: 
iii:;i::i::2l6pi:; 
ii::li::ii"iill-i' 
ii;iiiiii::i66ii 
MWMi 

WAW^ 
iiiiiiiiiiSlii 
iiiiiiiiii|66-i 
iiiiiiiiil'366i; 
iili:;:̂ ii36oi; 

2 

5 
2 
7 
5 
5 
2 
2 
2 
3 
2 
5 

NS « Not sampled 

D - i 3 




